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REPORT  OF  THE  SECRETARY 

OF  THE 

STATE  BOARD  OF  AGRICULTURE 

Eabt  Lansing,  Mich.,  Jtdy  1, 1921. 

To  Hon.  Alex.  J.  Ghobsbeck, 

Governor  of  the  State  of  Michigan: 
Sir — I  have  the  honor  to  submit  to  you  herewith,  as  required  by  law,  the 
accompanying  report  for  the  fiscal  year  ending  June  30,  1921,  with  supple- 
mentary papers. 

Very  respectfully, 

ADDISON  M.  BROWN, 
Secrettay  of  the  Staie  Board  of  Agriculiure. 
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STATE  BOARD  OF  AGRICULTURE 

Term  expires. 

WILLIAM  H.  WALLACE,  Saginaw 1st  Monday  January,  1922 

Chaibman  op  the  Board. 

I.  ROY  WATERBTJRY,  Detroit 1st  Monday  January,  1922 

JOHN  W.  BEAUMONT,  Detroit 1st  Monday  January,  1924 

JASON  WOODMAN,  Paw  Paw 1st  Monday  January,  1924 

L.  WHITNEY  WATKINS,  Manchester 1st  Monday  January,  1926 

MRS.  DORA  STOCKMAN,  Lansing 1st  Monday  January,  1926 

THOMAS  E.  JOHNSON,  Supt.  or  Public  Instruction Ex-Officio 

FRANK  S.  KEDZIE,  President  of  the  College Ex-Offido 

ADDISON  M.  BROWN,  East  Lansing,  Secretary. 
BENJAMIN  F.  DAVIS,  Lansing,  Treasurer. 


STANDING  COMMITTEES 

Aqricdltural  and  Veterinary  Divisions,  L.  W.  Watkina,  I.  R.  Waterbury 

Engineering  Division W.  H.  Wallace,  J.  W.  Beaumont 

Home  Economics  Division Mrs.  Stockman,  Jason  Woodman 

Science  and  Letters J.  W.  Beaumont,  W.  H.  Wallace 

Extension  Division Jason  Woodman,  Mrs.  Stockman 

Experiment  Station I.  R.  Waterbury,  L.  W.  Watkins 

Budget  AND  Employes J.  W.  Beaumont,  I.  R.  Waterbury 

Finance Jason  Woodman,  W.  H.  Wallace 

Buildings  and  PROPEBTT L.  W.  Watkins,  Mrs.  Stockman 
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MICHIGAN  AGRICULTURAL  COLLEGE 

(Under  Control  of  the  State  Board  of  Agriculture.) 

FACULTY  AND  OTHEB  OFFICERS 

Frane  S.  Kedzie,  D.  Sc,  President. 

Robert  S,  Shaw,  B.  S,  A.,  Dean  of  Agriculture;  Director  of  Experiment 

Station. 
Geoeoe  W.  Bissbll,  M.  E.,  Dean  of  En^eering. 
Frakk  W.  Chamberlain,  B.  S.,  D.  V.  M.,  Acting  Dean  of  Veterinary  Science; 

Professor  of  Anatomy. 
*Mary  E.  Eduonds,  B.  S.,  Dean  of  Home  Economics;  Professor  of  House- 
hold Science. 
Mary  E.  Sweeny,  M.  S.,  M.  A.,  Dean  of  Home  Economics. 
EuDORA  H.  Savaob,  B.  S.,  Dean  of  Women. 

WiLUAU  J.  Beal,  Ph.  D.,  D.  Sc.,  D.  Agr.,  Professor  of  Botany,  Emeritus. 
Wilbur  0.  Hedrick,  M.  S,,  Ph.  D.,  Professor  of  Economics. 
Herman  K.  Vedder,  C.  E.,  Professor  of  Civil  Engineering. 
Walter  B.  Barrows,  B.  S,,  Professor  of  Zoology  and  Physiology;  Curator 

of  the  General  Museum. 
RoruB  H.  Pettit,  B.  S.  in  Agr.,  Professor  of  Entomology. 
Addison  M.  Brown,  A,  B.,  Secretary  of  the  College. 
Elida  Yaeeley,  Registrar. 

Arthur  R.  Sawyer,  B.  S.,  E.  E.,  Professor  of  Electrical  Engineering. 
Edward  H.  Ryder,  M.  A.,  M.  Pd.,  Professor  of  History;  Director  of  Summer 

School. 
Arthur  J.  Clark,  A.  B.,  Professor  of  Chemistry. 
Charles  W.  Chapman,  A.  B.,  B.  S.,  Professor  of  Physics. 
Ward  Giltner,  D.  V.  M.,  M.  S.,  Professor  of  Bacteriology  and  Hypene. 
Walter  H.  French,  M.  Pd.,  M.  S.,  Professor  of  Agricultural  Education; 

Director  of  Vocational  Teacher  Training. 
Ernst  A.  Besbbt,  Ph.  D.,  Professor  of  Botany. 
William  W.  Johnston,  A.  M.,  Professor  of  English  Literature  and  Modern 

Languages. 
Louis  C.  Plant,  Ph.  B.,  M.  S.,  Professor  of  Mathematics. 
Mereis  M.  McCool,  Ph.  D.,  Professor  of  Soik. 
Alfred  K.  Chittenden,  M.  F.,  Professor  of  Forestry. 
Robert  K.  Steward,  B.  S.,  C.  E.,  Professor  of  Drawing  and  Design. 
Major  Philip  G.  Wriqhtson,  M.  S.,  Professor  of  MiUtary  Science  and 

Tactics. 
Chester  L.  Brewer,  B.  P.  E.,  Director  of  Physical  Training. 
Charles  P.  Haluoan,  B.  S.,  Professor  of  Horticulture  and  Landscape 

Gardening. 
Charles  H.  Burqebs,  A.  B.,  Professor  of  Poultry  Husbandry. 
Joseph  F.  Cox,  B.  S.  in  Agr.,  Professor  of  Farm  Crops. 
Harey  H.  Mussklman,  B.  S.,  Professor  of  Farm  Mechanics. 
Clyde  Reynolds,  M.  D.,  Director  of  Health  Service.  i 
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Howard  M.  Eliot,  M.  A.,  Professor  of  Farm  Management. 

OuvBR  E.  Reed,  M.  S.,  ftofessor  of  Dairy  Husbandry. 

Hilda  Faust,  B.  A.,  Professor  of  Household  Science. 

George  A.  Brown,  B.  S.,  Professor  of  Animal  Husbandry. 

Henry  B.  Dirks,  B.  C,  M.  E.,  Professor  of  Mechanical  Engineering. 

Winifred  S.  Gettemy,  Professor  of  Housebold  Art. 

John  S.  Taylor,  Director  of  Music. 

Chace  Newman,  Associate  Professor  of  Drawing  and  Design, 

•Frank  H.  Sanford,  M.  F.,  Associate  Professor  of  Forestry. 

Richard  deZeeuw,  Ph.  D'.,  Associate  Professor  of  Botany. 

Lloyd  C,  Ehmons,  M.  A.,  Associate  Professor  of  Mathematics. 

George  H.  Coons,  A.  M.,  Ph.  D,,  Associate  Professor  of  Botany  in  chaise 
of  Plant  Pathology. 

Ralph  C.  Huston,  Ph.  D.,  Associate  Professor  of  Chemistry. 

John  P.  Hutton,  D.  V.  M.,  Associate  Professor  of  Surger}'. 

£lam  T.  Hallman,  D.  V.  M.,  Associate  Professor  of  Animal  Patholrgy. 

Lawrence  N.  Field,  B.  M.  E.,  Associate  Professor  of  Drawing  and  Design. 

Harry  S.  Reed,  B.  S.,  Associate  Professor  of  Chemistry. 

E.  Sylvester  King,  Associate  Professor  of  Public  Speaking, 

Charles  £.  Millar,  M.  S.,  Associate  Professor  of  Soils. 

William  E.  Laycock,  A.  B.,  Associate  Professor  of  Physics. 

Merton  M.  Cory,  B.  S.,  E.  E.,  Associate  Professor  of  Electrical  Engir.erring. 

Charles  S.  Dunford,  M.  A.,  Associate  Professor  of  Economics. 

Benjamin  B.  Roseboom,  B.  S.,  Associate  Professor  of  Physiology. 

Bruce  E.  Habtsuch,  A.  B.,  Associate  Professor  of  Chemistry. 

Hale  Tennant,  B.  A.,  Associate  Professor  of  Economics. 

OziAS  T.  Goodwin,  B.  S.,  Associate  Professor  of  Dairy  Husbandry. 

Elizabeth  J.  Frazer,  B.  S.,  Associate  Professor  of  Home  Economics  Edu- 
cation. 

Chester  L.  Allen,  B.  S.,  M.  A.,  C.  E,,  Associate  Professor  of  Civil  Engi- 
neering. 

Anna  E.  Bayha,  B.  A.,  Associate  Professor  of  Household  Art. 

Allen  C.  Conger,  M,  A.,  Associate  Professor  of  Zoology. 

Frederick  W,  Fabian,  B.  S.,  Associate  Professor  of  Bacteriology. 

Leroy  S.  Foltz,  M.  E.,  Associate  Professor  of  Electrical  Engineering. 

Helen  Goodrich,  B.  A.,  Associate  Professor  of  Household  Art. 

Elijah  L.  Grover,  B,  S.,  Associate  Professor  of  Agricultural  Education; 
Critic  Teacher  in  Agriculture. 

Roy  E.  Marshall,  M.  A.,  Associate  Professor  of  Horticulture. 

Arnold  G.  Scheele,  A.  M.,  Associate  Professor  of  Drawing  and  Design. 

John  E.  Burnett,  B.  S.,  Associate  Professor  of  Dairy  Husbandry. 

Thomas  Gunbon,  Assistant  Professor  of  Horticulture  and  Superintemifnt 
of  Grounds. 

Guy  G.  Speeker,  M.  A.,  Assistant  Professor  of  Mathematics. 

Claude  M.  Cade,  B.  S.,  C.  E.,  Assistant  Professor  of  Civil  Engineering. 

Ren  G.  Saxton,  C-  E.,  Assistant  Professor  of  Civil  En(pneering. 

Dwight  T.  Ewing,  M.  S.,  Assistant  Professor  of  Chemistry. 

Henry  T.  Darungton,  M.  S.,  Assistant  Professor  of  Botany. 

Edward  F.  Woodcock,  M.  A.,  Ph.  D.,  Assistant  Professor  of  Botany. 

Walter  E.  Reuling,  B.  S.  in  M.  E.,  Assistant  Professor  of  Mechanical  En- 
gineering. 

Howard  E.  Johnson,  D.  V.  M.,  Assistant  Professor  of  Comparative  Anatomy. 

John  W.  Stewart,  B.  M.  E.,  Assietamt  Professor  of  Drawing  and  Design. 
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CuvE  R.  Meqee,  B.  S.,  a.  M.,  Assistant  Professor  of  Farm  Crops. 

Stanuit  E.  CaowE,  A.  B.,  Assistant  Professor  of  Mathematics. 

Russell  A.  RmjNBLLS,  D.  V.  M.,  Assistant  Professor  of  Animal  Pathology. 

•Paul  G.  Andres,  B.  S.,  Assistant  Professor  of  Electrical  EIngineering. 

Robert  E.  Loree,  B.  S.,  Assistant  Professor  of  Horticulture. 

Norma  L.  Rosesooh,  A.  B.,  Assistant  Professor  of  English. 

Mary  A.  W.  Hendrick,  A.  B,,  Assistant  Professor  of  History  and  Political 
Science. 

EuGENU  I.  McDanibl,  A.  B.,  Assistant  Professor  of  Entomology. 

Oliver  A.  Taylor,  D.  V.  M.,  Assistant  Professor  of  Veterinary  Medicine 
and  Pharmacology. 

Warren  W.Hitchcock,  B.S.,C.E,,  Assistant  Professor  of  Civil  En^neering. 

Bdbt  K.  Phiip,  C.  E.,  Assistant  Professor  of  Civil  Engineering. 

Louise  I.  Clemens,  B.  S.,  Assistant  Professor  of  Household  Science. 

Henry  L.  Publow,  B.  S.,  Assistant  Professor  of  Chemistry. 

Arthur  L.  Bibbins,  B.  S.,  Assistant  Professor  of  Farm  Crops. 

Leo  C.  Hughes,  A.  M.,  AJssistant  Professor  of  English. 

Perry  S.  Beundagb,  B.  S.,  Assistant  Professor  of  Chemistry. 

Ray  B.  Weaver,  M.  A.,  Assistant  Professor  of  English. 

*GaACE  S.  Frear,  B.  S.,  Assistant  Professor  of  Household  Art, 

O&fAR  M.  Lebel,  Ph.  B.,  Assistant  Professor  of  English. 

^Henrik  J,  Stafseth,  B.  S.,  D,  V.  M.,  Assistant  Professor  of  Bacteriology. 

I.  Forest  Huddleson,  M.  S.,  Assistant  Professor  of  Baet«riology. 

OsBE  Hughes,  B.  A.,  Assistant  Professor  of  Household  Science. 

Edwin  Morrison,  M.  S.,  Assistant  Professor  of  Physics. 

Wallace  L.  Chandler,  Ph.  D.,  Assistant  Professor  of  Entomology. 
-  Cecile  Van  Sttsenburq,  B.  S.,  Assistant  Professor  of  Household  Art. 

Edmund  C.  Sauve,  B.  S.,  Assistant  Professor  of  Farm  Mechanics. 

Vernon  G,  Grove,  A,  M.,  Assistant  Professor  of  Mathematics. 

Edward  K.  Sales,  D.  V.  M.,  Assistant  Professor  of  Surgery  and  Clinic. 

Captain  Joseph  J.  Teter,  Assistant  Professor  of  Military  Science. 

William  E.  J.  Euwards,  B.  S.  A.,  Assistant  Professor  of  Animal  Husbandry. 

ftnLLip  L.  Buttrick,  Assistant  Professor  of  Forestry. 

Lawrence  C.  Whbeting,  M.  S.,  Assistant  Professor  of  Soils, 

Claude  L.  Brattin,  B.  M.  E,,  Assistant  Professor  of  Drawing  and  Design. 

Paul  R.  Brehs,  A.  B.,  Assistant  Professor  of  Public  Speaking. 

HoHBR  E.  Dennibon,  B.  S.,  Assistant  Professor  of  Dairy  Production, 

Floyd  E.  Foqle,  B.  S.  in  Agr,,  Assistant  Professor  of  Farm  Mechanics. 

Van  W.  Hewlett,  Jr.,  B.  S,,  Assistant  Professor  of  Mechanical  Engineering. 

Caroline  L.  Holt,  Assistant  Professor  of  Drawing  and  Design, 

Verne  E.  LeRoy,  A.  B.,  M,  S.,  Assistant  Professor  of  Zoology. 

Walter  L.  Mallman,  B.  S.,  Assistant  Professor  of  Bacteriology, 

Carl  E.  Newlander,  B.  S.,  Assistant  Professor  of  Dairy  Manufactures. 

Newton  L.  Partridge,  Ph  D.,  Assistant  Professor  of  Horticulture, 

May  Person,  A.  B,,  Assistant  Professor  of  Household  Science. 

Godfrey  L.  A.  Ruehlb,  M.  S.,  Assistant  Professor  of  Bacteriology. 

Frank  A.  Spraoq,  M.  S.,  Assistant  Professor  of  Farm  Crops. 

Earle  H.  Stewart,  B.  S.  in  M.  E.,  Assistant  Professor  of  Drawing  and  De- 
sign. 

Thomas  0.  Walton,  A.  B.,  Assistant  Professor  of  Mathematics. 

George  C.  Wright,  B.  S.  in  M.  E.,  Assistant  Professor  of  Mechanical  En- 
^neering. 

Frank  E.  Wood,  Ph.  D.,  Assistant  Professor  of  Mathp^|((:g,QQ0g[c 
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Branson  A.  Walpolb,  Assistant  Professor  of  Education;  Critic  Teacher  in 
Agriculture. 

INSTRUCTORS  AND  OTHERS 

The  names  of  instructors  whose  resignations  took  effect  between  June  30th 
and  September  1st,  1920,  to  not  appear  below. 

Dewet  a.  Seblet,  M.  a.,  Instructor  in  Meteorology. 

Bertha  E.  Thompson,  M.  A.,  Instructor  in  Botany. 

Louis  B.  Mayne,  a.  B.,  Instructor  in  English. 

Joseph  W,  Stack,  M.  S.,  Instructor  in  Zoology. 

Charles  D.  Ball,  Jr.,  B.  S.,  Instructor  in  Chemistry. 

Stanard  G.  Beroquist,  A.  B.,  Instructor  in  Zoology. 

Harry  C.  Young,  M.  S.,  Instructor  in  Botany. 

GsORQE  J.  PosTHUMUs,  Instructor  in  Pattern  Shop. 

Florence  A.  Stoll,  B.  S.,  Instructor  in  Household  Art. 

Benjamin  F.  Kindiq,  Instructor  in  Apiculture;  State  Bee  Inspector. 

Russell  H.  Kblty,  B.  S.,  Instructor  in  Entomology. 

Mthon  B,  Chapin,  Ph.  B.,  Instructor  in  Drawing  and  Design. 

"Ruth  M.  Kbllooo,  B.  S.,  Instructor  in  Household  Science. 

"J.  Robert  Duncan,  Instructor  in  Farm  Crops. 

Howard  D.  Liqhtbody,  M.  S.,  Instructor  in  Chemistry. 

Serot.  Charles  H.  Robinson,  Instructor  in  Military  Science  and  Tactics. 

Herman  C.  Lanoe,  A.  B.,  Instructor  in  Chemistry. 

Edward  F.  Eldridge,  B.  S.,  Instructor  in  Chemistry. 

Edith  Butler,  Instructor  in  Drawing  and  Design. 

Justus  E.  Rising,  M.  E.,  Instructor  in  Drawing  and  Design. 

HAndrew  Watt,  Instructor  in  Forge  Shop. 

Walter  L.  Watt,  Instructor  in  Machine  Shop  Practice. 

Carltle  W.  Bennett,  M.  S.,  Instructor  in  Botany. 

Cecil  W.  Simpson,  B.  S.,  Instructor  in  Soils. 

Helen  D.  Grimes,  Instructor  in  Physical  Training. 

Albert  H.  Nelson,  A.  M.,  Instructor  in  English 

Levette  J,  Davidson,  A.  M.,  Instructor  in  English. 

Lyman  L.  Frimodig,  B.  S.,  Instructor  in  Physical  Training. 

Minerva  Fouts,  Ph.  B.,  Instructor  in  Household  Art. 

Daniel  L.  Shafer,  Instructor  in  Farm  Mechanics. 

Ethel  Tapi,  B.  S.,  Instructor  in  Household  Art. 

Hilda  M.  Kellner,  Instructor  in  Cheesemaking. 

Oscar  W.  Fairbanks,  B,  S.,  Instructor  in  Drawing  and  Design. 

David  T.  Millard,  Instructor  in  Pattern  Making. 

Charles  T.  Bumer,  B.  S.,  Instructor  in  Mathematics. 

Wilson  E.  Newlon,  B.  S.,  Instructor  in  Poultry  Husbandry. 

Arthur  N.  Smith,  Instructor  in  Physical  Training. 

"Raymond  L.  Baxter,  B,  S.,  Instructor  in  Chemistry. 

Eugene  B.  Butler,  B.  S.,  Instructor  in  Physics. 

Charles  E.  Cobmany,  M,  S,  in  Agr.,  Instructor  in  Farm  Crops. 

James  Devers,  Instructor  in  Physical  Training. 

Eugene  E.  Down,  B.  S.,  Instructor  in  Farm  Crops. 

Georoe  a.  Garratt,  B.  S.,  Instructor  in  Forestry. 

Louis  G.  Gentner,  M.  S.,  Instructor  in  Entomology, 

Jay  F.  Gibbs,  B,  S,,  Instructor  in  Civil  Engineering. 

Fletcher  A.  Gould,  B.  S.,  Instructor  in  Civil  Engineering.  -^-.  ■ 
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Gut  S.  Green,  A.  B.,  Instructor  in  English. 
John  G.  Hepfinbtall,  Instructor  in  Physical  Training. 
RuFUB  P.  HiBBARD,  Ph.  D.,  Instructor  in  Botany. 
Edward  E.  Kinney,  B.  S.,  Instructor  in  Electrical  Enpneering, 
Harold  M.  Krbbb,  B.  S.,  Instructor  in  Chemistry. 
Denton  C.  Liubauoh,  A.  B.,  Instructor  in  English. 
Jessib  M.  MacCohnack,  Instructor  in  Physical  Training. 
CXiFFOHD  N.  Kts,  Instructor  in  Mechanical  Engineering. 
James  E.  Robertbon,  B.  S.,  C.  E.,  Instructor  in  Drawing  and  Design. 
Avis  L.  Spraqub,  B.  S.,  Instructor  in  Foods — Home  Economics. 
Wilbur  H,  Thies,  B.  S.,  Instructor  in  Physics. 
John  H.  Walker,  A.  B.,  Instructor  in  Chemistry. 
Bert  Sanoster,  Instructor  in  Mechanical  Engineering. 
Ralph  D.  Wyckoff,  B.  S.,  Instructor  in  Electrical  Engineering. 
WiLFORD  0.  Lewis,  M,  S.,  Instructor  in  Chemistry. 
Waldo  H.  Lyons,  A.  M.,  Instructor  in  Mathematics. 
Stanley  Johnston,  B.  S.,  Instructor  in  Horticulture. 
George  W.  Putnam,  Instructor  in  Farm  Crops. 
Linda  E.  Landon,  librarian. 
Lory  F.  I^ewell,  Operatii^  Engineer. 
Benjamin  A.  Fauncb,  Clerk  to  President. 
Edwyn  a.  Bowd,  College  Architect. 
Andrew  P.  Krentel,  Foreman  of  the  Pattern  Shop. 
Jacob  Schepekb,  Cashier. 
Ralph  S.  Hudson,  B.  S.,  Farm  Foreman. 
Maud  A.  Meech,  Chief  Clerk  to  Secretary. 
Edward  C.  Crawford,  Shop  Engineer. 
Elizabeth  M.  Palm,  B.  S.,  Assistant  Librarian. 
Blanche  A.  Bjrchabd,  Secretary  to  President. 
Bertha  A.  Holuster,  B.  A.,  State  Seed  Analyst. 
Jacob  A.  Eichbr,  Foreman  of  Foundry. 
Anna  L.  Ferle,  Assistant  Registrar. 
Jesse  J.  Hendryx,  Nursery  Foreman. 
Nancy  L,  Eastman,  In  charge  of  College  Residence. 
Clara  Hunt,  Director  Womens'  Dormitories. 
Robert  Mackie,  Herdsman. 
Nellie  M.  Campbell,  Bookkeeper. 
Clifford  W.  McKibbin,  M.  S.,  M.  F.,  Alumni  Recorder. 
AsBLEY  M.  Berridqe,  B.  S.,  Director  of  Short  Courses. 
Sallie  Katz,  In  charge  of  Waterbury  House. 
Mildred  Obband,  In  charge  of  Senior  House. 
Frances  Murdock,  In  charge  of  College  Cottage. 
WiLLARD  N.  Sweeney,  Purchasing  Agent. 
Caroline  S.  Lewbkknz,  In  charge  of  Abbot  Hall. 
Emily  P.  Jones,  In  charge  of  Howard  Terrace. 
Clyde  W.  Straight,  Farm  Crops  Foreman. 
Ralph  M.  Harford,  College  Photographer. 

Ernest  V.  Hartuan,  B.  A.,  Secretary  of  Y.  M.  C.  A.,  In  charge  of  Employ- 
ment Bureau. 
William  Wise,  Poultryman. 

S.  Elizabeth  Mormson,  B.  S.,  Laboratory  Assistant  and  Clerk. 
Daniel  A.  Shafer,  Laboratory  Foreman.  .-.  , 

May  E.  Foley,  B.  S.,  Assistant  Alunmi  Recorder.    LLinzeccyLiOOglC 
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Elmer  B.  Hint,  B.  S.,  Superintendent  of  Official  Testing. 

Philip  J,  Baker,  B.  S.,  Metallurgical  Engineer, 

Geobge  Clark,  Football  and  Baseball  Coach. 

Cora  Feldcamp,  B,  S.,  Reference  Librarian. 

Josephine  R.  Hart,  B.  S.,  Critic  Teacher  in  Home  Economics. 

James  B.  Habselman,  A.  B.,  Publicity  Agent. 

Norman  0.  Weil,  B.  S.,  College  Field  Agent. 

Earl  A.  Harlow,  Storekeeper. 

Hdgh  B.  Smith,  B.  S.,  Grad.  As-sistant  in  Farm  Crops. 

Robert  L.  Tweed,  B.  S.,  Grad.  Assistant  in  Bacteriology. 

Lionel  E.  Tisdale,  B.  S.,  Grad.  Assistant  in  Botany. 

J.  Lyall  L.  Frank,  B,  S.,  Grad.  Assistant  in  Entomology. 

Otto  Friedman,  B.  S.,  Grad,  Assistant  in  Bacteriology. 

Wilfred  D.  Mills,  B.  S.,  Grad.  Assistant  in  Botany. 

experiment  station 
Advisory  and  Assistant  Staff 

Andrew  J.  Patten,  B.  S.,  Chemist. 

L.  Zae  Wyant,  a.  M.,  M.  H.  E.,  Research  Associate  in  Bacteriology. 

Charles  S.  Robinson,  Ph.  D.,  Research  Associate  in  Chemistry. 

Orrin  B.  Winter,  B.  A.,  Research  Associate  in  Chemistry. 

George  J.  Bouyoucos,  Ph.  D.,  Research  Associate  in  Soils. 

Leslie  M.  Cooledoe,  M,  A.,  Research  Associate  in  Bacteriology. 

I.  Forest  Huddleson,  M.  S.,  Research  Associate  in  Bacteriology. 

George  M.  Grantham,  B.  S.,  {}^  time.  Balance  Extension),  Research 
Associate  in  Soils. 

Ezra  Levin,  M.  S.,  (H  time.  Balance  Extension),  Research  Associate  in 
Soils. 

Charles  H.  Sporway,  B.  S.  in  Agr.,  Research  Associate  in  Soils. 

Raymond  Nelson,  B.  S,,  Research  Assistant  in  Plant  Pathology, 

Robert  M.  Snyder,  Ph.  D.,  Research  Assistant  in  Bacteriolt^iy. 

John  E.  Kotila,  B.  S.,  Research  Assistant  in  Plant  Physiology, 

Stanley  J.  Brownell,  Research  Assistant  in  Dairying. 

Walter  C.  Dotton,  B.  S.,  Assistant  in  Horticulture. 

Fred  T.  Riddell,  B.  S.,  Assistant  in  Dairying, 

Elroy  J.  Miller,  M,  S.,  Assistant  in  Chemistry. 

Marion  L.  Grettenberger,  B.  S.,  Assistant  in  Chemistry. 

Percy  O'Meara,  B.  S.,  Assistant  in  Chemistry. 

William  J.  Kurtz,  B.  S.,  Assistant  in  Dairying. 

Arthur  Howland,  Assistant  in  Dairying. 

Duane  Rainey,  B.  S.,  (J  time  only.  Balance  Extension),  Assistant  in 
Farm  Crops. 

Selma  Bandimer,  B.  S.,  Assistant  in  Chembtry. 

•Carl  F.  Barnum,  B.  S.,  Chief  Inspector  of  Feeds  and  Fertilizers, 

Ezra  A.  Hebard,  Inspector  of  Feeds  and  Fertilizers. 

August  H,  Teske,  Inspector  of  Feeds  and  Fertilizers. 

H.  Donald  Hootman,  B.  S.,  Superintendent  of  Graham  Horticultural  Ex- 
periment Station. 

D.  L.  McMillan,  Superintendent  of  Upper  Peninsula  Experiment  Station, 

Myra  V.  Bogue,  Bulletin  Clerk. 

;Sffll  le.ve,  Digitizoc  by  GOOQIC 
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AGRICULTURAL    EXPERIMENT   STATION 

OF  THE 

MICHIGAN  AGRICULTURAL  COLLEGE 

(Under  the  control  of  the  State  Board  of  Agriculture.) 

STATION  COUNCTL 

Frank  S.  Kedzie,  M.  S.,  D.  Sc,  President  Ex-Officio. 

Robert  S.  Shaw,  B.  S.  A.,  Director. 

Ward  Giltner,  D.  V.  M,,  M.  S.,  Bacteriologist. 

Charles  P.  Halliqan,  B.  S.,  Horticulturist. 

Alfred  K.  Chittenden,  M.  F.,  Forester. 

Oliver  E.  Reed,  M.  S.,  Dairy  Husbandry. 

RxTFDS  H.  PETnT,  B.  S.  A.,  Entomologist. 

Elah  T,  Hallman,  D.  V.  M.,  Animal  Pathologist. 

Howard  M.  Eliot,  M.  A.,  Farm  Management. 

A.  J.  Fatten,  B.  S.,  Chemist. 

Ernst  A.  Bessey,  Ph.  D,,  Botanist. 

Merris  M.  McCool,  Ph.  D.,  Soil  Physicist. 

Joseph  F.  Cox,  B.  S.,  Farm  Crops. 

George  A.  Brown,  B.  S.,  Animal  Husbandman. 

Hahht  H.  Musbelman,  B.  S.,  Farm  Mechanics. 

Charles  H.  Burqebs,  A.  B.,  Poultry  Husbandman. 

Addison  M.  Brown,  B.  A.,  Secretary. 


COOPERATIVE  EXTENSION  WORK  IN  AGRICULTURE 
AND  HOME  ECONOMICS 

administrative  office 

Robert  James  Baldwin,  B.  S Director  of  Extension  Work. 

Karl  H.  McDonel,  B.  S Assistant  to  Director. 

extension  specialists 

James  Blood  Hasselman,  A.  B Publicity. 

James  Aaron  Waldron,  B.  S Dairying. 

Donald  Williams,  B.  S Sheep  Husbandry. 

A.  Leal  Bibbina,  B.  S Farm  Crops. 

Howard  C.  Rather,  B.  S Farm  Crops. 

Duane  F.  Rainey,  B.  S Farm  Crops. 
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•Clarence  William  Waid,  B.  S FotAtoes  and  Vegetables. 

Henry  C,  Moore,  B.  S Ass't  Potatoes  and  V^etables. 

Rusael  M.  Hain,  B.  S Insect  Pests. 

Edwin  Ewell .. .'. Apiculture. 

Orsel  Edwin  Robey,  B,  S Dmnage. 

George  M.  Grantham,  B.  S Soils. 

Ezra  Levin,  M.  S Soils. 

"Ernest  C.  Foreman,  B.  S Poultry  Hustwindiy 

Hale  Teanant,  B.  S Agent  in  Marketing. 

Gifford  Patch,  B.  S Ass't  in  Marketing. 

Willard  C.  Cribbs Ass't  in  Marketing. 

Louise  H.  Campbell,  B.  S State  Leader,  Home  Economics. 

E)dna  Viola  Smith,  B.  S Home  Management. 

*Coral  Ruth  Havens Household  Science. 

Helen  Arms,  B.  S Household  Art, 

COUNTY  AQRICULTDRAL  AGENTS 

Alfred  Bentall AU^an. 

Chris  Peter  Johnson,  B.  S A^er. 

Clyde  0.  T.  Scheetz,  B.  S Alpena. 

Leon  L.  Drake,  B.  S Antrim. 

Lester  Vance  Benjamin,  B.  S Baraga. 

Frank  W.  Bennett Barry. 

Claude  Lawrence  Nash,  B.  S Branch. 

James  Lewis  Kraker,  B.  S Benzie. 

F.  L.  Simanton,  B.  A.,  M.  S Berrien. 

Paul  Clark  Jamieaon,  B.  S Calhoun. 

Cliff  Waldron  Wing Charlevoix. 

Emil  Leo  Kunze,  B.  8 Chippewa. 

Don  B.  Jewell,  B.  S Cheboygan. 

Howard  Victor  Kittle,  B.  S Clinton. 

Benjamin  Purdy  Pattison,  B.  S Delta. 

Karl  Harold  Miller,  B.  S Dickinson. 

Roy  Elbert  Decker,  B.  S Eaton. 

Keats  Kendall  Vining,  B.  S Emmet. 

Sidney  Samuel  Smith,  B,  S Genesee. 

Charles  Edwin  Atwater,  B.  S Gladwin. 

Carl  Edwin  Guoderson,  B,  S Gogebic. 

John  Wilson  Sims,  B.  S Hillsdale. 

Leo  M.  Geismar Houghton. 

James  R.  Campbell,  B.  S Huron. 

W.  Floyd  Manby,  B.  S Iron. 

Clinton  Vede  Ballard,  B.  S Jackson. 

.Ralph  Leslie  Olds,  B.  S Kalamazoo. 

Ellis  Eugene  Twing Kalkaska. 

Roswell  Gilbert  Carr,  B.  S Keut. 

Stanley  Fredrick  Welhnan,  B.  S Lapeer. 

Victor  Carlton  Vaughan,  B.  S Leelanau. 

Ralph  J.  Carr,  B,  S Lenawee. 

liVed  S.  Dunks,  B.  S Livingston. 

Roy  Harry  Cameron,  B.  S Luce. 

Kris  Paul  Bemis,  B,  S Mason. 


FACULTY  AND  OTHESl  OFFICERS.  16 

Carl  H.  Knopf,  B.  S Manistee. 

William  Murphy,  B.  S Macomb. 

Lee  Roy  Walker,  B.  S . Marquette. 

B.  Eldon  Shaffer,  B.  S Montcalm. 

Irving  Kirshman,  B.  S Menominee. 

Mack  Cyrus  Thomas Monroe. 

Ira  Benona  McMurtry Midland. 

Paul  H.  Smith,  B.  S Missaukee. 

Murray  F.  Jackson Mecosta. 

Dwight  Clark  Long,  B.  S Muskegon. 

Clair  Taylor Newaygo. 

Irving  T.  Pickford,  B.  S.,  M.  Hort Oceana. 

William  Edward  McCarthy,  B.  S Ogemaw. 

Charles  Benjamin  Cook,  B.  S Oakland. 

Arthur  Clinton  Ly tie,  B.  S Otsego. 

Clinton  Pomeroy  Milham,  B.  S Ottawa. 

Edward  Samuel  Brewer Presque  Isle. 

Arthur  Gi'ant  Bovay,  B.  S Saginaw. 

John  D.  Martin,  B.  S Sanilac. 

Cecil  Perth  Preseley,  B.  S Schoolcraft. 

Carl  May  Kidman,  B.  S St.  Clau- 

J.  Vernon  Sheap Shiawassee. 

Alem  John  Hutchins,  B.  S St.  Joseph. 

Alexander  MacVittie,  B.  S Tuscola. 

Wesley  Clare  Eckard Van  Buren. 

Orestes  laiah  Gregg,  B.  S Wayne. 

William  Frederick  Johnston,  B.  S Wexford. 

Harold  Scott  Osier,  B.  S Washtenftw. 

HOME  DEUONSTRATION  AGENTS 

Aureha  Belle  Potts,  B.  S Ass't  State  Leader. 

Bemice  Jennie  Woodworth,  B.  S Allegan. 

Helen  Columbia  Pratt,  B.  S Chippewa. 

Sylvia  Richardson Delta. 

Helen  Edith  Simonson Dickinson. 

Flora  Emma  McElhinney Houghton. 

Blanche  Clark Kalamazoo. 

Eva  Carrett,  B.  S Oakland. 

Grace  Pinn^,  B.  S Manistee. 

Marion  H.  Rogers,  B,  S Wayne. 

boys'  AMD  girls'  CLUB  WOBK 

Ray  A.  Turner,  B.  S State  Club  Leader. 

William  A.  Anderson,  B.  S Ass't  State  Club  Leader. 

Barbara  Van  Heulen,  B.  S Ass't  State  Club  Leader. 

Elda  lantha  Robb,  B.  S Ass't  State  Club  Leader. 

^Margaret  Hutty Ass't  State  Club  Leader. 

Ame  Gerald  Kettunen,  B.  S Ass't  State  Club  Leader. 
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COUNTY  CLUB  t-EUDBBS 


Viva  Lorene  Osbom Branch. 

Charles  Ernest  Ackley Calhoun. 

Ann  Rosale  Banks Cheboygan. 

Ralph  Whitcomb  Tenny,  B.  S Eaton. 

Kelaey  Bostock  Smith Genesee. 

Levi  Pfenning Gladwin. 

Mary  V.  Hall Iron. 

Majorie  E.  Place Lenawee. 

Harold  Canfield,  B.  S Macomb. 

Arthur  Lawrence  Strang,  B.  S S^ioaw. 

Beryl  Otto  Hagennan,  B.  S Washtenaw. 

Glen  Orlando  Stewart,  B.  S Wayne. 

*  Reetgned. 

*  Abaeol  on  leave. 
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ACCOUNT  OF  THE 

THE  MICHIGAN  ACRICULTURAL  COLLEGE 

FOR  THE  YEAR  ENDING  JUNE  30,  1022. 


SECRETARY'S  FINANCIAL  REPORT. 


July     1,  1820.   Cash  on  Hand tlLOSB  63 

July     1,  1820.    Csah  on  Deposit  College  Treasurer 52,093  35 

June  30,  1S2I.   To  Special  appropriation  tecelpts 618,603  48 

From  Slate  Treasurer 1288.938  27 

From  United  Stales  Treasurer 178,172  80 

From  Institution  and  other  Sources, .         43.582  41 

JU(W30,19Z1.    By  DlabursBmenta (560,077  53 

Spedal  Appropriations 52,893  00 

Eiperlment  Station 266,039  39 

Extension 241,143  14 

June  30,  1921.    To  current  account  receipts 1,307,556  60 

From  State  Treas..  landjerant  Int 70,685  37 

Fron  Slata  Treas.,   one-fflth  mill  twt .       797,886  71 

(a)  (935,000  00 

(b)  150,000  00 
(C)     287,013  29 

From  United  States  Treasurer,  Mor- 

rlUFund 50,000  00 

From  Institution  and  otbar  Sourcea      3SS,8S4  £2 

By  general  account  disbursements 1.330,873  84 

June  30,  1021.   By  cash  on  hand 12,196  86 

June  30,  1021.    By  cash  on  depOBil  overdrawn 21,868  17 

— - —  ■1,012,15123     81,912,16123 


(Pi  Uneipended  July  1.  1920, 

(c)  Appropriation  for  eitenslon.  (80.000,00. 

(cl  Appropriation  for  Eiperlmeot  Station,  (197,013.29. 
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STATE  BOARD  OP  AGRICULTURE. 

TABLE  No.  3.—WiUiam  Smith  Sayer  Scliolarthip  Fund. 


Year 

SB. 

,„„„ 

„s=„ 

Amount. 

prlndiwa. 

1820 

932  2E 
37  50 
12  60 

24  sa 

25  00 
25  00 

A.  McVltlls 

«1B  75 

•Ii??8 

•liOO.OO  received  of  F.  F.  Sayer.  ad- 

llam    Kmltti    Sayer,    to   establish 
Hcholanblp  In  borlerlolofiry 

(S:g:SSSi::.:: 

b.  FranclBco 

n.W.  Waffle 

Elsa  Sctieuren'. '.'.'.'.'. 

35  00 

25  00 

B12  20 
.^12  20 

tlSSS;; 

25  00 

}  512  20 
512  20 

•31ft  45 

TABLE  No.  4.— Cm,  B.  Lokmb  M™ 


FUND. 

year 

i.»™. 

expended  to 

.„.,-. 

Balanm 

p"riic?pSf 

•0OO.OO  received  ol  John  W.  Beau- 
mont, m  memory  ol  Geo,  E.  Law- 
Si^  test"  t^Tln  Ene^  pn^ue^ 
by  male  etudent .,...,,. 

1815 

ii 

is 

k^S"":::: 

Stanley  Powell 

11 

35  00 

Total 

tll2  50 

$125  00 

TABLE  No.  i.—Gm.  L.  AUtn  Rcholattl 


Year 

as. 

Income. 

Income 
expended  to 

Amount. 

» 

Sl.OOO.OO  received  ol    Amanda    A,  | 

101S 

*75  00 

11125  00 

TABLE 

o.  6.— M 

r(Ua  GrU 

jSo. 

Income. 

expended  to 

Amount. 

sa 

S2.000.00  recelred  of  Oilon  3  Cion. 
executor  ol  the  estate  of  Marllla 

Grtswold.  the  Income  at  the  same 

1920 

•118  88 

S13  S3 

the  Blate  Board  of  Acrlculture  to 
being  slven  to  thoae  from  Allegan 

1230  00 

tl3  83 

, 

AGRICULTURAL  COLLEGE  ACCOUNTS. 

TABLE  No.  T.—Currenl  Account  Jalv  1.  tOSO  It  Juni  SO.  19. 


To  dlsburee- 
manl*. 

receipts. 

U.  B.  Tieamirer  3l9t  annual  payment  under  art  of  congress  of 

toss  93 

3. 417  98 

28,733  80 
23.873  73 

ill  85 
'S:SS 

8.968  83 

ll-in  33 

ill 

3;858  97 

30:763  OT 
10.886  40 

10.478  07 

l:SS 

12,709  08 
ie:882  04 

"'Si 

690  02 
4.844  98 

18,112  36 
4:34S  S3 

"ii 

Civil  Engln^ii^ 

Entomolos 

2,440  11 
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TABLE  No.  7.— CuTjnl  AccoutU  Jtity  I,  IBIO  It  Jjtnt  30,  t9tt 


To  dUburse- 
menu. 

X 

(10,003  e« 

32.102  M 
8.829  A3 

41828  27 

SI .330,873  84 

20.013  M 

11,390.887  48 

M  Bupplleg.  tO,237.7S;  nindiy.  (530.11 
InddantBl,  (eo,fi9T.30:  mMricuUtlon  ,S3,6« 
*fi.OO. 


n  renl,  (27.324.53;  dlplom*. 
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AGRICULTURAL.  COLLEGE  ACCOUNTS. 

TABLE  NO.  J.—IHUrilmtion  tf  Sptcial  Appropriation: 


To  dlsburs»- 

a. 

■'■li 

13,M8  2S 
13.83S  33 
24.130  66 

W2.Bm  00 

MS,S93  00 

cb,  Google 


STATE  BOARD  OF  AGRICULTURE. 

i  No.  S.—EjperimnU  Slalion  Accoanl  for  FUcat  Ytar  Endiw,  June  SO.  SOU. 


dlabur4- 

«>ch 

depBTtment, 

Cr.  by 

A..™. 

Hatch. 

B„,. 

Stale  TreBsurer,  one-BItb  mill 

J1.547  24 

Hi 

III 

2*:B8T   17 

10 

J 

153  OS 

182  51 

lis 

*'|44   90 

81B.OO0  00 

H8.000  00 

1 

ES 

ToWl 

(15,000  00 

115,000  00 

1236,039  39 

(266,039  30 

(266,039  39 

cb,  Google 


AGRICULTURAL  COLLEGE  ACCOUNTS. 

TABLE  No.  9.— Errriui'Dn  Account  far  Fitat  Ytar  Endiat  Juii  i 


D„™„™ 

Dr.  tolol 

disburas- 
menta 

deparUnant. 

Cr.  by 

I^ver. 

Lever  Slale, 

SUle. 

• 

8l»t8  Treammr,  one-flfth  mill 

$13,370  56 

24  47 
234  16 

312  14 

is 

(16,230  98 

s!761  HS 
81,109  76 

14! 189  21 

uMl  75 

'Si 

'iiii 

2,628  SI 

7,04     04 

a:93    as 

7'.H0     34 
2.227   10 

SisM  42 

6,926  3.? 

ill 

8;407  82 

Bl  70 

2,651  74 

4.731  SB 

I^E'""'™::::::;-::;::- 

10  IS 

770  63 

T 

IU8.I72  80 

185,744  06 

(7,227  68 

1241,145  14 

cb,  Google 


STATE  BOARD  OP  AQRICTJLTTIRB. 

TABLE  No.  lO.—Peiilioiu  and  mbiria  u  thown  by  vav-ratt  doUd  Sunt  SO.  I8»l. 


lUM'pet 
yew. 

Currant. 

Aulon. 

Extension. 

^iS^^t'*^^ 

1,700  00 
S.SOO  00 

I'SS 

1.700  00 

ill 

3,000  00 

liaoo  00 

IBs 

4,100  00 
2,800  00 

3,300  00 

t,eoo  00 

4,600  00 

1,500  00 

3.600  00 
2,700  00 
1,200  00 

'■SS 

850  00 
1,600  00 

I'Ss 

(a)6.ooa  00 

.400  00 

SH 

3.000  00 
llwO  00 

iSi 

4.100  00 
l.flOO  00 

2.800  00 

!:i8888 

4, MM)  00 
(b)  1.500  00 

(b)3.600  00 
(b|2.700  00 
Ibll.ZOO  00 

B:SSS 

p''ii 

{b)1.500  00 
3.600  00 

i;8oooo 

Becretarj'i  ofllci: 

*aoooo 

500  00 
400  00 

'^AT" 

LIbnr;: 

400  00 

n^3^«l«r 

•'ISliSr",": 

DlrMoD  of  bom«  economlca: 

DeUOtWOIIMD^ 

Household  Art: 

, ,::::":■■■[ 

cb,  Google 


AGRICULTURAL  COLLEGE.  ACCOUNTS. 

TABLE  No.  10.— Continued. 


Current.       ^^|™ 


Hounhold  adenm: 


vlaioa  or  englneerlnc: 
Deans  offlne- 
Dean.. 


Land  teCTMlLfy. , 
Drawing  and  dwlgn; 


AnDdate  protesKtr. 
Aasoclkte  proltHDr. 
Aamdate  professor. 
Assistant  professor. 
Asslsttint  prot«asor. 
ASiriitsnt  protoaor. 
— ' — -A  profanor. 


Federal  itudenls: 
Instructor 


2,200  00 
2,200  00 
1,800  00 


2,400  OO 
2,800  00 
1,600  00 


;y  Google 


STATE  BOARD  OP  AGRICULTURE. 
TABLE  No.  10.— CoDllnued. 


Rate  per 
year. 

Current. 

'=as'" 

Eitenalon. 

DlvMooa  of  Bdence  and  lellers: 

3.400  00 
2:40000 

|;|| 

4.fl00  00 

ISi 

3.000  DO 

iisoooo 

2.4«0  00 
2.400  00 

3^800  00 

IS  88 

III 
ill 

21800  00 

ISi 

»3,150  00 
800  00 

"ss. 

1.600  DO 

SSfffiSS....;;; 

ISS 

1,300  00 

I'.MO  00 
8O0  DO 

800  00 

000  00 

iSSS 

vx 

Research  asalBtanl  in  plant  phyaloli)^ . , , 

900  00 

ill 

2)200  00 

ili 
ii 

iSi 

Department  at  Endlsh: 

iEmS^mIE::::::::::::::::"::::;:; 

•2.200  00 

"'Kin;'."'."""""'.'': 

ogra 

700  DO 

cb,  Google 
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TABLE  No.  10. — CDntlnued. 


Hate  per 
year. 

CluslQcatloa. 

Current. 

Extension. 

De 
D, 

)artmen(  of  Mathematlca: 

•5,000  00 

11 

Si 

2,000  00 

eoooo 

2.450  00 
'600  00 

3,500  00 

ill 

liaoooo 

ii 

4,260  00 
3.200  00 

2:50000 

2.400  00 

'660  00 

4.200  00 

"650  00 

alooooo 
2:600  00 

5,500  00 
3,000  00 

•SS8S8S 

Z.IOO  00 

2.000  00 

■■ii 

3,600  00 
:200  00 

iii 

.900  00 

,300  00 

fill 

(11)4.250  00 

IS  88 

'■ii 

4.200  00 
3.000  00 

650  00 
2.800  00 

2:000  00 

^:?8g38 

'"l"600  m 

'800  00 



jsrlmenl  ol  music: 

BS'.""."".""'  .  , 

De 

).rtment  of  physical  traEnlng: 

De 

ffiSS,",'""','"'""': 

ion  of  veterinary  medldne: 

lartmenlof  ftnatomj: 

fSSKir""!"";  ... 

(2.000  00 

lanment  of  surgerj  and  cllnJc: 

^?.S""'""' 

■:ii 

STATE  BOJJID  OF  AGRICULTURE. 

TABLE  No.  10.— Continued. 


IUt«pet 

St»T. 

ClanlflcMlon. 

Currait. 

SUtlmT 

Extdulon. 

S4.500  DO 
'876  00 

fi.OOO  00 

ill 

4.S00O0 

ilTSoSo 
3.000  00 
2.800  00 

!ii 

li 

fi.SOOOO 

III 
iiil 

1,350  00 
4.500  00 

4,000  no 

3,000  00 

I:™  So 

z!400  00 

sis 

.000  00 

Si 
lis 

3.200  00 
.3S0  00 

•3,600  00 

vis 

'676  00 
3.400  00 

las 
iSi 

l:S8g8 

SOOO  00 

BwnogTipher 

700  00 

DeHTtment  iX  lorestry: 

1,000  00 

1,500  00 

'eoooo 

iSS88 

Z.SSO  00 

tS8§ 

ill 

1.400  00 
700  00 

^JSS,'.""'""'-:::;::-;::---::-:; 

M 

Reaearcb  BwisUnt  tn  dKlT^Ing 

Accountant  In  dairy  InvesllgallDn 

;«s 

.000  00 

Si 

'soo  00 

1,500  00 
'760  00 

MSSS 

588  88 

2,600  00 

Ji 

676  00 

2,600  00 
llsM  00 

AGHICULTURAL.  COLLEGE  ACCOUNTS. 

TABLE  No.  10.— ContlDUOd. 


Ra 

leper 

Current. 

Exnrlinent 

Station. 

ExumOoa. 

JffiS 

400  00 

060  00 

800  00 
300  00 

000  00 

ss 

SOO  00 
800  00 

ii 

000  00 

ooooo 

200  00 
800  00 

sssss 

iSSSS 

200  00 

SOO  00 
300  00 

58888 

800  00 

S8S88 

000  00 

"•¥.«S8 
'11 

1,200  00 
3,000  00 

'i'is 

SpedM  couraea: 

^^^^^M.U>ry: 

Exj^lmMit  itUion  cbemlatly : 

4.500  00 

Hi 

3^000  00 

Baft  uid  Etrio  clubs: 

"^^^n^peddW 

Uvenock^ 

Horticulture: 

Control  liuect  pnts: 

;,  Google 
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TABLE  No.  10.— Contlnuod. 


Rats  per 
year. 

aMBlflcatlon. 

Current. 

^lon. 

Extension. 

K.200  00 
3.300  M 

iS88 

3.600  00 
2.800  00 

S3. 200  00 

Matketsr 

"gSiii.. 

Fann  inwiB«Biiienl  demonstration: 

1 

M 

II 

20O  DO 
200  00 
200  00 
200  DO 
200  00 
200  00 
200  00 
200  00 
200  00 

ZOO  00 

ii 

200  00 

si 

200  00 

188  85 

200  00 

i^ 

200  00 
200  00 

200  00 

200  00 

200  00 

200  00 
200  00 

sz 

200  00 

AGRICULTURAL  COLLEGE  ACCOUNTS. 

TABLE  No.  10.- 


■U^p, 

ClaadQcatlon. 

c_.. 

Extension. 
Exporlment 

Station. 

"ZS.I^riSSi'™*^''"'- 

•3,300  00 

i5| 

ilooooo 
i;ooo  00 

600  00 

si 

000  00 

BOT8-  >od  GlTls'  Club  Aienta: 

1802.610  00 

3,200  00 
3,300  00 

1595,615  00 

1113.000  00      (ITS 

Vocational  teachet  training; 

{ssjsasjffiS's'Jsf."" 

IBO«.3iO  00 

cb,  Google 
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TABLE  NO.  II. — SatariH  Bxperimtnt  Btatlan.  jlical  vur  mdiTia  Juiu  30,  1911. 


Btderlmogist 

RCMarch  associate  In  bacteriology. . 
Research  associate  In  bacteriology . . 
ReManA  aSBOclBta  In  baclerlolOKy . . 
Reasardi  associate  In  bacteriology . . 
Reewrcb  assoctate  tn  bacteriology . . 


ii  aasodate  In  botany 

RcMMreb  associate  In  plant  physiology . , 
" •-  ---'-[ant  in  botany 


Reaewdi  asBOdate  In  diemlitry. . 
Research  astistant  In  chemistry. . 
Reeearch  osalstanl  In  chemtstry. . 
t  in  diemlHtry 


,G8«p; 


AGRICULTURAL  COLLEGE  ACCOUNTS. 

TABLE  No.  12.— Salarin  Kttmtin  H*cat  VMr  mijtiw  June  SO,  19tl. 


Clerk.. 

BtaDOBnpner . . 
BUnorr^iheT. . 
PubllSt;  igent 

County  agents: 


State  le 


STATE  BOARD  OP  AGRICULTUEB. 
TABLE  Na  12. — Continued. 


0  00 


1.000  00 

063  SO 

1.000  00 

l.OQO  00 


1.000  00 
040  00 

2.120  00 
2.460  00 
1.720  10 
1.520  00 
1.100  00 
2.S0O  00 
646  3& 


201  TO 


101  00 

M  SO 

600  00 

101  00 

50  50    - 

800  00 

ISl  60 

4OT  50 

100  50 

168  78 

1.200  00 

1,008  80 

State  leader.  .  *. 1,168  60 

'    Speclaiist 8.200  00 

Spedillst 3.200  00 

SpeclallHl 3.200  00 

Stenograplier , 1,200  00 


Fann  croi 


ffi'.. 


Speciallat 3,800  00 

Bpeclaliat. ,                1.65000 

Btenosrapher 1.300  00 

Live  Block: 

Specialist 3.200  00 

Specialist 1 .400  00 

Specialist 76  00 

HonlcuHure: 

Specialist 1 ,  300  00 

Specialist B36  BO 

Bteaographer 600  00 

Potatoes  and  TBgotables:  „ 

Speclailsl. . .  r?. .                  2,700  00 

SpeclallBl 2,500  00 

fllBnographer 800  00 

Control  Insect  pests: 

Speclallat 2.000  00 

Specially IjSOO  00 


.Google 


AGRICULTURAL  COLLEGE  ACCOUNTS.  $7 

TABLE  ia.—Ci)nduiltd. 

Farm  muiuement  demoDEtntlon: 

Bpedailal. (7W  00 

Blenogi»pher 600  00 

Housebold  snglneerlng: 
Specialist 3,808  71 

Markets: 

8ped«ll«t 2 ,  431  26 

SpecUllst 2.000  00 

8pecl«llat 2,010  30 

Spedalln 484  OS 

Poultry; 


1,281  38 

lienogispher 160  00 

Soils: 

SpodttllBt 1,600  00 

SpBdallst 1,200  00 

St«aogiapher 67S  00 

Total 1178.384  12 
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40  STATE  BOARD  OF  AORtCULTURB. 

BTTMMAItY  OF  COLLEGE  IKVEKTORY,  JUNE  30.  1021. 

BuUdlngg  and  lands: 

College  tann  andpark.  ATI  acre* 

Lou  5,  3  and  4,  Hver  Bend  addition.' 

Atblatic  fl^  and  drive,  13  acm 

320  acres  Bwaimi  land 

Purchaaed  C.  &.  Woodbury  rarm,  ISIS.  30B,32  acrea 

. jj,  leBBfonnBTly  belonging  to  HarHaon,  adjacent  to  campus 

'013.27  acres 

imalDder  ot  land  grant  not  formerly  carried  In  Inventory 

DuUdlngs: 

Library  and  musBum.  built  1S81 

Wells  Hall  rebuilt  1906-06 


Chemical  laboratory,  built  In  1871.  south  eod  addition  In  1S8I,  ( 

Velerin'ary  laboratory,  built  in  18S6 

Hnrtlruliural  laboratory,  built  1888 

-'lEical  laboratory,  built  ISS6.  Improved  1807 


rt  end  addition  tn 


loloEical  laboratory,  built  ISSO.  Improved  IS 
ical laboratory,  built  1802.  Improved  1009. . 


ix  brick  dwellings,  built  1867.  ISTO  and  1884. 

une  frame  bouse,  built  1886 

One  frame  house 

Howard  Terrace  dwelling,  built  1888 

Farm  bouse  dwelling,  built  1860 

Herdsman's  dwelling,  built  1867. 
Horticultural  bam  and  shed,  bul 

Bull  bam.  rebuilt  1B06 

Sheep  barn,  rebuilt 


1868.  l87Sand  1877.. 


Horst 


>ulll  ]( 


Crrade  herd  bam,  rebuilt  1906 

Piggery,  rebuilt  1907 

DaTry  barn,  rebuilt  1900 

Farm  mechanlca  building,  built  1881 

Poultry  bouse,  built  1906 

Incubator  '  ouse.  built  1006 

Poultry  be    se.  buUt  1007 

Three  poul    y  houses,  built  1907 

Teri  broodier  housea,  built  10O8 

Corn  bam.  built  1878 

Stable,  built  1894 

Rrick  work  shop,  bnllt  18S7 

Obsen-atory,  built  1880 

Bath  house  and  fittings,  built  1002-3 

Hospital,  built  1S94 

Waiting  room  and  book  store,  buUt  1002, , 

One  silo 

Womeiis  building,  built  1S09 

Forestry  buUdlng,  built  1000 

Bacteriological  building,  built  1902 

Power  houBB,  built  1004 

Tunnel  system,  built  1904 

Cold  storage,  rebuilt  10O5 

Iron  bridge  over  Cedar  River,  built  1888. , 
Bridge  to  athletic  Held . . 


Aerti 

TUe; 


Iculturol  building,  built  1009. . . 

-  ^„~j  .— n  production 

Two  tenant  dwellings,  built  1012. . 
New  dal rebuilding,  built  1013 

Tiiesiioi  No!  g,';;:;;;; ;:.';:!;;;: 


Special  chemical  laboratory 

R.  E.  Olda  Hall  of  engineering.  buUt  1916 . . 

Shop  No.  1,  built  1016 

Shop  No.  2,  built  1016 

Shop  No.  3,  built  1916 

Gymnasium,  built  1016 


.  11,660,833  SO 
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AGRICULTURAL  COLLEGE  ACCOUNTS. 


SUMMARY  OF  COLLEGE  INVENTORY.- 


Dlvlalon  at  agriculture: 


DepartmeDt  of  doliy  huibsndjy. . 
Office  Dt  (be  dean 


Department  of  farm  ai . 

Department  ot  farm  mecbanlca . . 

Department  of  forestry 

Department  Dt  bortlculture 

DeiiartmeDt  of  poultry  biubaadr;, . 

Department  of  soils 

Division  ol 
PS 


ofldraoi 


jf  the  dtwia 

Department  of  drawing  and  daslgn.  . , 
Deiwrtment  of  electrical  engineeiine. . 
Department  ol  inechanlcsl  enfilneenng 
DivlHlon  ot  eicperlment  station: 

~     Hon  ot  bulldlnge  and  lands 


Section  of  bacteriology. . 

Section  of  botany 

Bulletin  room 

Section  of  chemistry , . 


Section  of  entomology 

Section  of  farm  crops 

Section  ot  Gr&ham  tiortlculturtf  experiment  staUon. . . 

Section  ot  horticulture 

"      ■  In  ol  llbrery 


.    Section  ot  soils 

Section  of  South  Haven  eiperimeni  station 

Section  of  Upper  Peninsula  experiment  station. 

Division  of 


Division  of  science  and  letters 
)ep«nmBnt  ot  bacteriology 
>epartmeut  of  botany .... 
>epartment  ot  cbemlsCry.. 


)epartment  ot  English 

>epanment  ot  entomology 

tepartment  of  history 

>ep>rtinent  ot  mathematics 

>epaitment  ot  meteoralogy 

>epartment  ot  military  soence 

>epartment  of  music 

>epartment  of  physical  training 

>epartmenl  ot  phyalca 

:  department  ol  zoology  and  pbyfdology. . 
DIvWon  ot  veterinary  science: 

Department  ot  anatomy 

Department  of  animal  pathology 

Department  ot  surgery  and  clinic 

Department  of  veterinary  medicine 

Miscellaneous: 

Abortion  bams 

Alumni  recorder's  office 

Carpenter  shop 

Health  service 

Hospital 

Michigan  weather  service  property 

Orchard  and  nursery  Inspection 

Paint  shop 


Becretary's  olBce 

Seed  tahoratory 

Soil  bouse 

Store 

Sundry 

Vocational  teacher  training 

Water  heat  and  light 

Wells  Hall 

Total S984.407  40 


STATE  BOARD  OF  AGRICULTURE. 


REPORT  OF  THE  DEAN  OF  AGRICULTURE. 
To  President  F.  S.  Kedzie: 

During  this  college  year  the  greatest  depreciation  in  prices  of  farm  products 
occurred.  This  tended  to  diminish  the  general  interest  in  agriculture  and 
depress  educational  efforts  along  this  line,  because  of  lack  of  funds  to  support 
young  men  and  women  in  educational  institutions.  Despite  this  fact  our 
enrollment  was  very  gratifying  indeed,  including  a  total  of  737  in  the  reg- 
ular four  year  course  and  500  in  the  special  short  courses,  making  a  total  of 
1237  for  the  year  including  the  summer  session.  Continued  interest  was 
manifested  in  the  re-establishment  of  graduate  study.  During  this  year  I 
participated  in  presenting  a  vocational  guidance  course  to  freshmen  during 
the  winter  term  and  also  the  subject  of  Farm  Management  for  short  course 
students. 

The  following  statistics  present  a  classified  statement  of  the  enroUment 
within  the  division  during  the  year: 

Advanced  Degree 7 

Graduate  Students 10 

Graduating  Class 106 

Seniors 87 

Juniors 87 

Sophomores 123 

Freshmen 197 

Specials 21 

Summer  Session 99 

737 

Sixteen  Weeks'  Course  in  General  Agriculture,  First  Year 88 

Sixteen  Weeks'  Course  in  General  Agriculture,  Second  Year 56 

Eight  Weeks'  Course  in  General  Agriculture,  First  Year 47 

Eight  Weeks'  Course  in  General  Agriculture,  Second  Year 19 

Eight  Weeks'  Course  in  Dairy  Manufactures 16 

Eight  Weeks'  Course  in  Dairy  Production 12 

Eight  Weeks'  Course  in  Horticulture 20 

Eight  Weeks'  Course  in  Farm  Mechanics 18 

Four  Weeks'  Course  in  Poultry 25 

Two  Weeks'  Course  in  (Jow  Testing  and  Dairy  Bam  Management  19 

Two  Weeks'  Course  for  Ice  ("ream  Makers 19 

First  Truck  and  Tractor  Course 82 

Second  Truck  and  Tractor  Course 79 


As  usual  many  meetings  of  farmers  and  stockmen  were  held  at  the  in- 
stitution including  the  State  Association  of  Live  Stock  Breeders  and  Feeders, 
and  the  Crop  Improvement  Association.  These  activities  were  lai^ly  stma- 
ulated  and  directed  by  the  personnel  of  the  division.    Much  aid  is  given. 


DBPARTHENT  REPORTS.  43 

these  associations  through  official  representation  largely  in  the  form  of  sec- 
retaryships. A  number  of  public  auction  sales  of  pure-bred  live  stock  were 
held  at  the  College  during  the  year,  thus  bringing  to  the  institution  many 
stockmen  who  would  not  have  been  attracted  by  other  interests.  The  An- 
nual Farmers'  Week  was  conceded  by  all  to  have  been  the  greatest  success 
of  any.  A  special  feature  worthy  of  mention  included  the  parade  repre- 
senting the  interests  of  all  divisions  of  the  institution. 

We  are  stilJ  feeling  more  and  more  the  cramped  condition  of  the  Agri- 
cultural Building,  which,  of  necessity,  has  to  accommodate  numerous  de- 
partments not  included  within  the  division^  We  still  feel  that  relief  cannot 
be  adequately  furnished  until  a  livestock  amphitheatre  and  farm  mechanics 
buildii^  are  provided.  The  need  of  removing  the  piggery  to  quarters  across 
the  river  is  constantly  increasing. 

During  this  year  the  Department  of  Farm  Manf^ment  has  gotten  under 
way  and  is  now  fumishii^  service  along  investigational  and  educational 
lines  so  long  badly  needed.  It  is  moat  earnestly  hoped  that  these  activities 
may  provide  a  long  felt  need,  by  way  of  service  to  the  student  and  fanner. 

The  Dairy  department  is  undet^ing  a  reoi^anization  under  the  able  di- 
rection of  Prof.  0.  E.  Keed,  who  assumed  charge  of  the  department  May  Ist. 

The  Soils  department  has  assumed  additional  responsibilities  in  connec- 
tion with  its  State  soil  survey  work  and  has  already  achieved  creditable 
success  in  this  line. 

Our  endeavor  continues  with  a  policy  devised  to  eventually  place  all  de- 
partments on  an  equally  strong  and  symmetrical  basis. 
Respectfully  submitted, 

R.  S.  SHAW, 

Dean  of  Agriculture. 
East  Lansing,  Michigan,  June  30,  1921. 
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REPORT  OF  THE  DEPARTMENT  OF  ANIMAL  HUSBANDRY. 


Preaident  P.  S.  Kedzie,  College: 

Dear  Sir: 

I  have  the  honor  to  submit  the  following  report  of  the  Department  of 
Animal  Husbandry  for  the  year  ending  June  30,  1921. 

The  following  table  gives  a  summary  of  the  teaching  work  carried  by  the 
staff  the  past  year: 


Fall  terra. 

Sect. 

per°wk. 

-j-r 

Si- 

Teacher. 

A  H 

j_^ 

3 

3 

ft 

S 
S 

1 

3 

5 

a 
s 

8 

i 

3 

64 

60 

S5 

14 

2S 

1 

40 

Short  course: 

W.  E,  J,  Edwards. 
G.  A.  Brown. 

Winter  term: 

Short  course: 

i:;;:;;:;;;i: 

LiSdwards 

,i:SIS:;:;: 

'^n"-i!i-. 

During  the  fall  and  winter  terms,  Mr.  E.  B,  Hill  rendered  material 
and  valuable  assbtance  in  the  work  of  teaching  the  short  course  classes. 
Even  with  his  help,  however,  the  work  of  the  department  was  quit*  heavy 
for  the  personnel,  necessitating  larger  classes  than  are  desirable.  If  the 
student  is  to  get  the  most  out  of  his  work  and  come  in  close  personal  contact 
with  the  instructor,  a  larger  personnel  must  be  provided  the  department. 
The  large  amount  of  class  work  during  the  fall  and  winter  terms  also  pro- 
hibits the  members  of  the  department  from  assisting  in  any  extension  work 
or  attending  livestock  breeders'  meetings  in  different  parts  of  the  State. 

The  institution  is  rapidly  outgrowing  the  capacity  of  our  present  judging 
pavilion  and  in  order  that  we  may  give  our  students  better  instruction  and 
meet  the  demand  of  the  livestock  men  of  the  State  for  a  place  where  they 
may  assemble  for  educational  purposes,  it  is  to  be  earnestly  hoped  that  the 
institution  will  be  able  to  erect  a  larger  stock  judgii^  pavilion  within  the 
next  year. 

At  the  present  time  we  arc  feeding  some  steers  to  be  exhibited  at  the  In- 
ternational Live  Stock  Exposition  at  Chic^o,  which  we  feel  will  make  a 
very  creditable  showing  for  the  institution.  However,  if  we  are  to  become 
a  serious  contender  for  high  honors  and  build  our  herds  of  sheep,  swine  and 
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cattle  up  to  the  standard  of  perfection  which  they  should  attain,  it  will  be 
necessary  that  a  larger  fund  be  appropriated  each  year  for  the  purchase  of 
breeding  stock. 

We  are  also  handicapped  for  room,  especially  with  the  swine.  The  present 
swine  bam  is  not  only  located  in  too  close  proximity  to  the  classrooms  on 
the  campus,  but  the  lots  surrounding  it,  which  are  used  for  forage  purposes, 
have  been  grazed  continuously  by  swine  for  fifteen  years  and  are  overflowed 
by  the  jiver  eadh  year  making  it  practically  impossible  to  conduct  any  forage 
crop  experiments,  I  would  earnestly  recommend  that  the  swine  bam  be 
moved  across  the  river  at  the  earliest  opportunity,  and  not  less  than  twenty 
acres  be  set  aside  for  experimental  work  in  swine  production. 
Respectfully  submitted, 

GEO.  A.  BROWN, 
Professor  of  Animal  Husbandry. 
East  Lansing,  Michigan,  Juno  30,  1921. 


REPORT  OF  THE  DAIRY  DEPARTiMENT. 

President  F.  S.  Kedzie, 
Michigan  Agricultural  College, 
East  Lansing,  Michigan. 

Dear  Sir: 

I  herewith  submit  a  brief  report  of  the  work  of  the  Department  of  Dairy 
Husbandry  for  the  year  ending  June  30,  1921, 

Associate  Professor  J,  E.  Burnett  was  appointed  acting  head  of  the  de- 
partment on  the  resignation  of  Professor  A,  C.  Anderson  and  held  this  po- 
sition until  May  1st,  1921,  when  0.  E.  Reed  was  appointed  Professor  of 
Dairy  Husbandry. 

The  personnel  of  the  department  has  been  as  follows: 

0.  E.  Reed,  Professor  of  Dairy  Husbandry.     Appomted  May  1st,  1921. 

J.  E,  Burnett,  Associate  Professor  of  Dairy  Husbandry, 

0,  T,  Goodwin,  Associate  Professor  of  Dairy  Manufactures. 

H.  E.  Dennison,  Assistant  Professor  of  Dairy  Husbandry.    Appointed  April 

1st,  1921. 
C.  E.  Newlander,  Assistant  Professor  of  Dairy  Manufactures.    Appointed 

January  Ist,  1921. 
R.  W.   Wyant,   Instructor  in  Dairy  Manufactures.     Resigned  September 

1st  1920. 
Hilda  Kellner,  Instructor  in  Dairy  Manufactures. 

E.  B.  Hint,  Superintendent  of  Official  Testing. 

F.  T.  Riddell,  Research  Assistant  in  Dairying.    Transferred  to  Dept.  of 

Farm  Management,  March  1st,  1921. 

Stanley  J.  Brownell,  Research  Assistant  in  Dairying. 

Wm,  J.  Kurtz,  Assistant  in  Dairying.  Transferred  to  Dept.  of  Farm  Man- 
cement,  March  Ist,  1921. 

A.  J.  Howland,  Assistant  in  Dairying.  Transferred  to  Dept.  of  Farm 
Management,  March  1st,  1921.  n  o^cCiOOqIc 
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ADVANCED  BEGISTBY. 


The  official  testing  for  the  fiscal  year  has  been  very  satisfactory.  The 
year  clmed  with  87  herds  on  semi-official  test,  representing  six  breeds  and 
showing  an  increase  over  the  previous  year  of  67.3%  in  the  amount  of  semi- 
official work.  There  were  1330  seven-day  records  completed  and  reported, 
showing  an  increase  over  the  previous  year  of  11.9%.  In  the  seven-day  re- 
ports are  included  59  "over  30  pounds  of  butter". 

There  were  six  new  state  records  made  by  Holstein  cows  as  follows:  Seven- 
day  milk  record  for  mature  cow,  fat  records  for  seven-days  senior  three-year 
old  class  and  senior  four-year  old  class,  the  milk  records  for  seven  and  thirty 
days  in  the  junior  three-year  old  class,  and  the  365  day  milk  record  for  ma- 
ture cows. 

The  big  demand  for  supervisors  came  in  the  middle  of  October  and  lasted 
untU  the  last  of  May.  At  one  time  during  the  year  fifty-three  supei'visors 
were  engaged  in  making  tests. 

EXHIBITS  AND  FAIBS. 

The  department  made  an  exhibit  at  the  Michigan  State  Fair  at  Detroit 
which  created  considerable  interest  and  favorable  comment.  An  exhibit 
was  made  showii^  the  amount  of  food  a  cow  consumes  to  produce  one  hun- 
dred pounds  of  milk.  Exhibits  of  feeding  stuffs  were  displayed  showing 
the  value  of  high  protein  roughage  in  feeding  dairy  cows.  A  large  display 
of  dairy  products  also  attracted  a  good  deal  of  interest. 

Johanna  Mutual  Girl  No.  260901  and  College  Butter  Boy  No.  293508, 
two  Holsteins  from  the  College  herd,  were  shown  in  open  competition,  with 
the  result  that  Johanna  Mutual  Girl  was  awarded  first  prize  in  the  aged 
cow  class  and  Grand  Champion  Holstein  Female  of  the  Show.  College 
Butter  Boy  was  made  Junior  Champion  of  the  Show. 

The  Fanners'  Week  exhibit  at  the  College  was  so  well  received  by  pro- 
ducers and  manufacturers  that  it  was  duplicated  at  Grand  Rapids  during 
the  meeting  of  the  Michigan  Allied  Dairy  Association.  Most  of  the  credit 
for  these  exhibits  belongs  to  Mr.  Brownell  and  Professor  Goodwin. 

DAIBY  BARN. 

Official  and  semi-official  tests  have  been  continued  and  one  cow,  Colantha 
Mutual  Queen,  made  an  official  record  of  over  32  pounds  of  butter  in  seven 
days.  More  farmers  and  dairymen  have  visited  the  dairy  herd  and  the  herd 
has  been  used  more  for  instructional  purposes  during  the  past  year,  than  at 
any  other  similar  period. 

Respectfully  submitted, 
0.  E.  REED, 
Professor  of  Dairy  Husbandry. 
East  Lansing,  Michigan,  June  30,  1921. 
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REPORT  OF  THE  FARM  CROPS  DEPARTMENT. 

President  F.  S.  Kedzie, 
East  Lansing,  Michigan. 

DesrSir: 

The  preparation  of  the  report  of  this  department  for  the  fiscal  year  ending 
June  30th,  1921,  is  a  matter  of  unusual  pleasure  and  interest,  since  in  my  es- 
timation the  efforts  of  the  members  of  the  department  to  develop  stronger 
courses  and  fit  our  instructional  work  more  closely  to  the  needs  of  the  State, 
have  met  with  considerable  success.  Particular  eEFort  has  been  made  to 
strengthen  our  required  courses,  which  are  foundational. 

The  expansion  of  the  area  of  land  available  for  the  Farm  Crops  section  for 
experimental  purposes,  has  been  accompanied  by  an  increased  strength  along 
instructional  lines.  The  close  proximity  of  our  experimental  fields  has  en- 
abled us  to  make  use  of  our  full  range  of  crop  experiments  in  teaching  work. 
A  very  considerable  proportion  of  the  tractation  work  of  our  fall  and  spring 
courses  consisted  of  carefully  planned  work  in  the  field.  It  is  my  firm  opin- 
ion that  in  order  to  get  the  most  benefit  from  lecture  work,  reference  assign- 
mento,  and  laboratory  studies  in  Farm  Crops,  opportunity  for  the  study  of 
crop  production  and  crop  experiments  in  the  field  must  be  offered. 

Bnefly  stated,  the  instructional  work  offered  consisted  of  the  following 
countes: 

Farm  Crops  1,  Cereal  Crops: — This  is  our  foundational  course  in  cereal 
crops  and  is  required  of  all  students  of  the  Agricultural  division.  Partic- 
ular effort  is  made  to  present  in  a  broad  way  the  agronomic  importance, 
methods  of  cultivation,  and  other  facts  considered  of  importance  relating  to 
cereal  crop  production.  The  lectures  were  given  by  myself  and  the  labora- 
tory work  was  conducted  by  Mr.  C.  E.  Cormany.  Substantial  additions 
were  made  to  the  laboratory  exercises  and  equipment. 

One-hundred  and  seventy  students  were  enrolled  in  this  course. 

Fami  Crops  2,  Forage  Crops: — The  lectures  in  this  course  were  given  by 
Assistant  Professor  C.  R.  Megee,  and  the  newly  established  supporting  lab- 
oratory exercises  were  directed  by  him  with  assistance  from  Mr.  C.  E.  Cor- 
many, and  senior  students  taking  the  course  in  Agricultural  Education. 
Numerous  new  lantern  slide  lectures  on  the  use  of  crops  material,  specially 
collected  during  the  previous  growing  season,  added  greatly  to  the  value  of 
this  course. 

One-hundred  and  twenty-nine  students  were  enrolled. 

Farm  Crops  3,  Advaruxd  Cereals  and  Grain  Judging: — This  course  was  given 
in  the  fall  term,  thereby  making  it  possible  to  include  many  field  trips  of 
value.  The  main  object  of  the  course  was  to  familiarize  students  with  char- 
acteristics of  good  and  bad  seed,  impurities  found  in  the  seed,  the  identifica- 
tion of  varieties,  and  best  methods  of  cereal  seed  production.  Assistant 
Professor  A.  L.  Bibbins  was  in  charge  of  this  course,  assisted  by  Mr.  C.  E. 
Cormany  and  Mr.  J.  R.  Duncan.     Students  enrolled  forty-two. 

Farm  Crops  4,  Advaruxd  Forage  Crops  and  Special  Michigan  Crops: — This 
course  was  given  during  the  spring,  providmg  opportunity  for  the  study  in 
the  field  of  pasture,  hay  grasses,  and  other  forage  crops.    The  study  of  po- 
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tatoes,  sugar  beets,  and  other  root  crops  made  up  part  of  the  course,  but 
during  the  coming  year  these  crops  will  be  covered  in  a  new  three-hour  op- 
tional course  for  juniors.  This  arrangement  will  give  more  time  in  the  spring 
for  the  consideration  of  forage  crop  problems  and  special  crops,  and  enable 
us  to  give  a  much  stronger  course  in  potatoes,  sugar  beets,  and  other  root 
crops.  The  course  was  given  by  Professor  J,  F.  Cox  and  assisted  by  In- 
structor C.  E.  Cormany.     Students  enrolled  thirty-four. 

Farm  Crops  S-A,  Advanced  Genetics  in  Relaiion  to  Plant  Breeding: — A 
larger  number  of  students  than  usual  elected  this  course,  which  may  be  con- 
sidered as  sound  evidence  of  the  increased  interest  which  is  being  taken  in 
plant  breeding  work,  as  developed  by  Professor  F,  A,  Spragg  and  Mr.  E.  E. 
Down.  This  course  was  given  in  the  winter  and  was  followed  in  the  spring 
by  Farm  Crops  5-B-Plant  Bleeding.  Six  students  took  this  course,  which 
in  view  of  its  advanced  nature  may  be  considered  a  very  satisfactory  class. 

Farm  Crops  6: — ^The  first  half  of  this  course  was  given  over  to  the  study 
of  crop  adaptation,  ecological  studies,  and  crop  rotations  and  management. 
ThLs  part  of  the  work  was  given  by  Professor  J.  F.  Cox,  Mr.  G.  W.  Putnam 
and  Mr.  C.  E.  Cormany.  Tlie  second  half  was  given  over  to  grain  stand- 
ardization and  marketing  work.  Professor  A.  L.  Bibbins  gave  this  course 
with  assistance  from  other  members  of  the  staff.  Students  etuolled,  thirty 
eight. 

The  short  courses  in  Farm  Crops  were  given  by  Assistant  Professor  C  R. 
Megee,  Mr.  C.  E.  Cormany,  and  Mr,  J,  R.  Duncan,  and  a  special  instructor. 
Ninety  sixteen  weeks'  men  and  sixty-nine  eight  weeks'  students  received 
instruction  in  Farm  Crops. 

Respectfully  submitted, 
J.  F.  COX, 

Professor  of  Farm  Crops. 
East  Lansing,  Michigan,  June  30,  1921. 


REPORT  OF  THE  DEPARTMENT  OF  FARM  MECHANICS. 

President  F.  S.  Kedzie,  College. 

Dear  Sh: 

I  have  the  honor  to  submit  the  following  report  for  the  year  1920-21. 

That  part  of  the  report  pertaining  to  Farm  Buildings  and  Conveniences 
is  given  in  detail  by  Mr.  Fogle,  and  the  matter  on  Power  and  Farm  Machin- 
ery by  Mr.  Sauve, 

It  has  been  found  necessary  to  devote  some  tune  to  reoi^anizing  the  work 
of  the  department  m  order  that  it  may  be  put  in  a  position  to  render 
better  service  m  the  wide  range  of  subjects  which  fall  to  this  department. 
Agricultural  Engineering  includes  applied  matter  from  almost  everj'  field  of 
engineering,  so  it  has  been  thought  best  to  divide  the  work  into  three  groups 
in  each  of  which  the  matter  is  more  or  less  related,  i.  e..  Buildings  and  Con- 
veniences, Power  and  Farm  Machinery,  Drainage  and  Land  Clearing. 

Rearrangement  of  the  office  space  into  small  oiRces  for  the^c  lines  of  work 
and  also  for  extension  work,  has  made  concentration  possible.  , 

Considerable  time  ha-j  been  devoted  to  the  reorganization  of  courstSlQlf 
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has  been  impressed  upon  us  for  some  time  that  to  meet  even  in  a  small  way 
the  opportuuities  before  the  institutiou,  some  specialization  must  be  made 
in  farm  mechanics.  An  option  in  farm  mechanics  was  therefore  arranged 
by  the  addition  of  one  subject,  Cement  and  Concrete,  and  by  increasing  the 
credits  in  three  others.  We  now  have  a  fairly  complete  group  of  subjects 
and  teaching  personnel.  A  possible  addition  would  be  the  outlining  course 
in  Agricultural  Engineering  in  which  the  major  part  of  the  undei^raduate 
work  is  basically  engineering. 

Meeting  the  varied  demands  in  the  short  courses  has  become  a  difficult 
problem  with  limited  space  and  equipment  located  in  several  buildings. 
In  some  cases  it  has  been  necessary  to  carry  on  two  laboratory  sections  at 
one  time  in  the  same  room.  Tools,  material,  and  equipment  require  a  high 
overhead  expense  for  keeping  in  place  and  condition  for  class  work  under 
these  conditions. 

The  attendance  in  the  Tractor  Courses  was  excellent  considering  the  trac- 
tor situation.  It  has  been  our  purpose  in  this  course  fo  train  tractoi-  opera- 
tors, and  to  present  the  tractor  in  such  way  as  to  encourage  its  development 
from  a  sound  business  basis. 

The  Farm  Mechanics  Special  Eight  Weeks'  Short  Course  had  an  attendance 
of  thirteen.  Good  interest  was  shown  and  it  is  believed  that  the  special 
training  given  in  this  course  can  be  made  immediately  applicable  to  farm 
and  home  problems. 

It  has  been  my  good  fortune  to  have  the  heartiest  cooperation  in  the  de- 
partment from  all  the  staff,  and  I  wish  to  express  my  appreciation  of  this 
support  in  the  highest  terms.  The  transfer  of  Bert  Sangster,  Laboratory 
Assbtant,  to  the  Mechanical  Engineering  department  as  instructor  in  black- 
smithing  upon  joint  recommendation  of  myself  and  Professor  Dirks,  has 
been  a  loss  to  the  department  but  it  is  thought  that  Mr.  gangster's  experi- 
ence in  machine  shop,  blacksmithing,  and  farm  repair  work  should  especially 
fit  him  for  the  position  assumed. 

In  Farm  Drainage  the  course  of  instruction  has  been  revised  and  now  in- 
cludes the  relationjiiip  of  the  single  farm  as  a  drain^e  project  to  the  town- 
ship, county,  and  state. 

Some  work  in  Laud  Clearing  is  to  be  included  in  the  new  course  in  Farm 
Drainage.  It  is  hoped  that  the  employment  of  an  extension  specialist,  Mr. 
Lawrence  F.  Livingston,  in  this  field  will  stimulate  interest  in  it  and  con- 
tribute to  the  subject  matter  in  the  course. 

POWER  AND  FARM  MACHINERY. 

The  work  in  gas  engines  and  tractore  during  the  past  year  has  been  very 
satisfactory.  The  student  enrollment  in  this  work  has  been  very  gratifying 
to  the  department,  and  we  believe  the  results  obtained  in  our  instructional 
work  have  been  largely  due  to  the  fine  spirit  of  cooperation  of  the  gas  engine, 
tractor,  and  accessory  manufacturers  who  have  gladly  made  loans  to  us  of 
their  equipment.  We  are  indebted  to  these  people  as  well  as  to  Dean  Bissell 
and  Professor  Dirks  of  the  Engineering  department  for  the  splendi<l  assis- 
tance given  us  in  the  use  of  their  equipment. 

In  addition  to  the  regular  courses  in  gas  engines  given  in  the  fall  and  winter 
terms,  there  were  two  courses  offered  in  trucks  and  tractors  each  of  four  weeks 
duration.  Out  of  an  enrollment  of  150  students  attending  these  special 
classes,  fifty  were  men  of  Russian  parentage  who  were  preparing  themselves 
along  mecmnical  lines  that  they  may  later  assist  their  home  land  in  a  more 
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scientific  agriculture.     Foreign  press  reports  speak  highly  of  the  iiistructioQ 
and  treatment  accorded  these  students  by  the-CoUege. 

The  work  in  farm  machinery  was  given  as  usual  during  the  spring  term 
with  a  good  enrollment.  Considerable  emphasis  was  pkced  on  the  new 
features  in  the  development  of  farm  machines. 

FABM  BUILDINGS  AND  CONVENIENCES. 

Instruction. 

The  courses  in  Farm  Buildings  and  Farm  Conveniences  for  the  short 
course  and  r^pilar  atudenta  were  given  as  outlined  in  the  catalog.  Mr.  H.  J. 
Gallagher  gave  very  efficient  assistance  in  the  work  with  the  short  courses. 
The  lengthening  of  the  course  in  Farm  Buildings  for  regular  studcnta  from 
three  to  five  credita  and  making  drawii^  a  prerequisite,  wUl  greatly  strengthen 
this  work.  A  laboratory  has  been  equipped  with  farm  conveniences  which 
is  a  material  aid  in  presenting  this  work. 

EXTENSION. 

In  cooperation  with  the  Extension  division  sample  books  of  the  blue 
print  plans  available  from  Farm  Mechanics  department  liavc  been  supplied 
to  each  county  agent. 

Respectfully  submitted, 

H.  H.  MUSSELMAN, 

Professor  of  Farm  Mechanics. 
East  Lansing,  Mich.,  June  30,  1921. 


REPORT  OF  THE  DEPARTMENT  OF  FORESTRY. 

The  President,  Michigan  Agricultural  College. 

Sir:  I  have  the  honor  to  submit  the  following  report  for  the  Department 
of  Forestry  for  the  year  ending  June  30,  1921. 

The  work  of  the  department  nas  been  very  successful  during  the  past  year. 
The  course  was  thoroughly  revised,  A  number  of  new  subjects  were  intro- 
duced and  the  number  of  credits  called  for  in  many  other  subjects  was 
changed.  This  revision  has  worked  out  most  satisfactorily  and  has,  I 
believe,  greatly  strengthened  the  course. 

Mr.  G.  A.  Garratt  was  appointed  Instructor  in  Forestry  to  take  the  place  of 
Mr.  F.  H.  Sanford,  who  resigned  on  December  31,  The  teaching  work  for 
the  year  was  as  follows: 

Number  of  Number  of 

classes.  students. 

A,  K.  Chittenden 7  242 

P.  L,  Buttrick 7  106 

F.  H.  Sanford 1  (Fall  term)  6 

G.  A.  Garratt 7  (Winter  and  spring  term)       116 

The  forestry  summer  school  was  held  on  the  lands  of  the  East  Jordan  Lum- 
ber Company,  near  Green  River.  The  company  furnished  us  with  the  use  of 
buildings  for  sleeping  quarter,  mess  hall,  kitchen  and  classroom  and  also 
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furnished  practically  all  of  the  equipment  needed  to  operate  the  camp,  and  I 
wish  to  express  our  appreciation  of  their  courtesy.  There  were  twenty-seven 
students  in  attendance  and  the  quaUty  of  the  work  accomplished  was  very 
high.  The  summer  school  session  in  forestry  was  reduced  to  four  weeks 
wUch,  since  the  work  is  required,  is  In  many  respects  better  than  a  seven 
weeks'  course,  as  it  allows  the  student  more  time  to  himself  during  the  sum- 
mer. The  work  consists  of  field  work  running  steadily  from  6:00  A.  M .  to 
5M)  P.  M.  so  a  very  large  amount  of  work  can  be  accomplished  during  the 
four  weeks. 

The  forest  nursery  was  operated  as  usual;  planting  stock  amountii^  to 
99,000  trees  having  been  shipped  during  the  year.  The  yield  of  maple  syrup 
in  the  sugar  bush  was  that  of  an  average  season,  and  a  considerable  amount 
of  cord  Wod  was  removed  in  thinnings  in  the  south  woods.  The  wood  lots 
are  both  in  excellent  condition. 

During  Fanners'  Week  a  wood  lot  conference  was  held  at  the  College. 
The  meeting  was  very  successful  and  will,  I  hope,  be  followed  by  others  of 
the  same  kind. 

The  nmnber  of  students  in  forestry  has  increased  considerably  during  the 
last  two  years  and  wc  find  ourselves  badly  hampered  for  lack  of  sufficient 
laboratory  space.  Much  of  our  equipment  cannot  be  used  to  the  best  advan- 
tage for  lack  of  room,  and  the  students  are  very  much  crowded. 

I  wish  to  express  my  appreciation  of  your  many  helpful  su^estions  and 
encouragement  during  the  year. 

Respectfully  submitted, 

A.  K.  CHITTENDEN, 

Professor  of  Forestry. 
East  Lairamg,  Mich.,  June  30,  1921. 


REPORT  OF  THE  DEPARTMENT  OF  HORTICULTURE. 

To  President  F.  S.  Kedzie: 

Dear  Sir: 

It  is  a  pleasure  to  report  that  the  work  for  the  past  year  has  been  marked 
by  new  improvements  and  developments  in  the  Horticultural  department 
and  that  the  year  as  a  whole,  has  been  a  very  successful  one. 

At  the  beginning  of  the  school  year  we  were  fortunate  in  obtaining  the 
services  of  Mr.  R.  E.  Marshall,  a  graduate  of  the  Nebraska  State  Agricultural 
College  and  a  post-graduate  in  Horticulture  of  Oregon,  During  recent  years 
his  work  has  been  along  extension  lines  as  Director  of  Horticultural  Exten- 
sion in  Virginia.  The  services  of  Dr.  Newton  L.  Partridge  have  also  been 
utilized  in  teaching  a  few  courses  during  the  winter  months  which  did  not 
interfere  with  his  experimental  work. 

We  offered  for  the  first  time  a  course  in  the  Geography  of  Horticulture 
in  the  fall  term  which  proved  very  interesting  and  instructive.  The  course 
in  Conmiercial  Horticulture  given  during  the  winter  term  was  offered  for 
the  second  year  and  has  proved  to  be  one  of  the  most  desirable  courses  in 
our  present  curriculum,  particularly  for  students  interested  along  marketing 
lines.  The  courses  offered  during  the  past  year  and  the  number  of  students 
attending  each  are  noted  in  the  following  table: 
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Clus. 

Subject. 

Su-r 

IK 

enrolled. 

Fall  lerm: 

Fruit  CTOwlng 

it 

■^f 

Junior  and  iwninr.H.E.. 

37 

Bgn 

Winter  term; 

3 

lib 

Advanced  landscap*  gardening 

* 

Sprine  term: 

8 

7 

? 

10 

Junior  and  senior.  H.E., 

Advanced  landacape  gardening 

Landscape  gardening  practice 

Id  addition  to  these  regular  courses,  instructioD  was  given  during  the 
summer  school  as  in  previous  years.  During  the  winter  term  Mr.  Stenley 
Johnston,  in  charge  of  the  South  Haven  Experiment  Station,  took  charge 
of  our  short  courses  and  we  are  pleased  to  report  that  his  services  were  very- 
efficient,  and  we  believe  this  new  arrangement  of  having  our  Superin- 
tendent from  the  South  Haven  Station  devote  his  energies  to  teaching  during 
the  winter  term,  will  prove  a  very  satisfactory  one,  both  to  the  department 
and  to  the  students  of  the  short  courees.  This  will  prevent  tlie  necessity 
of  engaging  inexperienced  and  new  instructors  each  year  for  short  course 
teaching  work. 

We  have  also  continued  the  work  of  teaching  the  Federal  Aid  students; 
some  of  these  students  joining  our  regular  classes,  hut  most  of  them  being 
handled  in  separate  classes  and  most  of  the  instruction  being  given  to  them 
in  the  form  of  laboratory  work. 

A  number  of  important  changes  have  been  made  in  the  courses  of  study 
in  horticulture  for  the  coming  year.  The  fundamental  purpose  of  these 
changes  was  to  make  many  of  the  courses  offered  by  this  department 
during  the  junior  and  senior  years  available  for  other  agricultural  students, 
and  to  enable  the  students  in  horticulture  to  elect  work  in  the  other  tech- 
nical departments  of  the  division  that  is  desirable  m  preparing  them  for  a 
special  field  of  service.  Some  courses  in  Soils,  Commercial  Fertilizers,  and 
Farm  Management,  offered  during  the  junior  and  senior  years,  seem  as  im- 
portant to  the  horticultural  student  interested  in  fruit  production  as  to  the 
student  specializing  in  farm  crops  or  animal  industry.  These  changes, 
therefore,  that  have  been  made  in  this  department  together  with  the  changes 
made  by  the  other  technical  departments  of  this  divLsion,  will  enable  students 
to  gain  a  more  general  agricultural  training  in  preparation  for  h^h  school 
agricultural  teaching  or  county  agent  work,  as  well  as  to  permit  a  greater 
intensification  of  the  courses  for  those  desiring  stronger  specialization.  This 
increased  flexibility  of  the  Agricultural  and  Horticultural  departments  we 
believe  to  be  very  desirable. 
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The  Horticultural  department  is  still  handicapped  by  the  lack  of  proper 
facilities  in  offering  instructional  work,  and  we  feel  that  these  facilities  must 
be  provided  very  shortly  if  this  department  is  to  maintain  its  enviable  po- 
eition  throughout  the  country  for  the  efficiency  of  its  horticultural  teaching 
work  and  the  success  of  its  graduates.  The  past  j'car  the  inefficiency  of 
our  cold  storage  plant  made  it  difficult  for  us  to  provide  the  proper  supply 
of  fruits  for  classroom  study,  and  also  for  storing  fruit  for  exhibition  purposes. 
Our  cold  storage  system  has  gone  to  pieces  and  the  building  itself  is  in  such 
poor  condition  that  it  does  not  seem  feasible  to  expend  the  money  required 
to  repair  our  cold  storage  system..  In  view  of  the  fact  that  the  department 
has  reason  to  expect  a  new  horticultural  building  within  the  next  few  years, 
when  it  is  planned  to  have  a  cold  storage  as  a  part  of  the  building,  it  seems 
necessary  to  get  along  as  best  we  can  until  this  time  arrives.  We  are  handi- 
capped also  for  proper  lal>oratories  to  teach  work  along  horticultural  products 
lines,  and  proper  greenhouse  facilities  for  teaching  work  in  vegetable  garden- 
ing and  floriculture. 

While  these  matters  have  been  called  to  your  attention  in  previous  re- 
ports, I  wish  to  emphasize  the  fact  that  as  time  goes  on  the  needs  become 
even  more  pressing,  and  therefore  I  must  repeat  the  importance  of  providing 
these  facilities  if  the  success  and  development  of  this  department  is  to  be 
secured. 

It  is  a  pleasure  to  report  that  the  work  of  Associate  Professor  R.  E,  Mar- 
shall; -Assistant  Professors  Thomas  Gunson,  R.  E.  Loree  and  N.  L.  Partridge; 
Extension  Specialists,  H.  C.  Moore  and  T.  A.  Farrand ;  and  Miss  Mary  Rozema 
has,  as  in  the  past,  proved  very  efficient.  The  writer  wishes  to  express  his 
appreciation  for  their  support  and  cooperation  in  the  work  of  the  department. 
Very  respectfully  submitted, 

C:  P.  HALLIGAN. 
Professor  of  Horticulture. 
East  Lansing,  Michigan,  June  30,  1921. 
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REPORT  OF  THE  DEPARTMENT  OF  FARM  MANAGEMENT. 

President  F.  8.  Kedzie, 

East  Lansing,  Michigan. 
Dear  President  Kedzie: 

During  the  year  the  Farm  Management  department  was  organized  and 
certain  courses  where  taken  over  from  other  departments.  Agriculture  2 
given  in  the  Dean's  department  and  Agricultural  Economics  3a  given  in 
the  Economics  department  were  combined,  and  given  under  two  courses 
in  the  new  department.  One  of  these  courses  taking  up  the  question  of  farm 
oi^anization  and  farm  accounts,  and  the  other  course  has  for  its  objective 
the  study  of  such  other  business  problems  as  farm  contracts,  farm  credits, 
insurance  and  other  related  subjects. 

One  course  in  Marketing  was  also  taken  over.  It  deals  with  the  general 
theory  of  marketmg  as  applied  to  and  effecting  farm  management  problems. 

A  new  group  of  studies  in  the  short  course  was  also  arranged  for  and  is 
catted  the  Fann  Business  Course.  In  ttiis  course  the  following  subjects 
are  given:  farm  management,  farm  accounts,  rural  credit,  agricultural 
aritlmietiG,  farm  insurance  and  farm  business  problems. 

Very  truly  yourB, 

H.  M.  ELIOT, 
Professor  of  Farm  Management. 
East  Lansing,  Michigan,  June  30,  1921. 


REPORT  OF  THE  DEPARTMENT  OF  POULTRY  HUSBANDRY. 

To  the  President: 

Dear  Sir: 

I  have  the  honor  to  submit  the  following  report  of  the  Department  of 
Poultry  Husbandry  for  the  year  endii^  June  30,  1921. 

BUILDINGS. 

At  present  we  are  making  use  of  twenty-four  buildings  for  poultry  work. 
One  house  18  ft.  by  184  ft.,  one  house  16  ft.  by  84  ft.  with  two  stories  and 
basement,  three  houses  each  16  ft.  by  24  ft,,  ttu-ee  colony  houses  each  6  ft. 
by  8  ft.,  ten  portable  colony  houses  each  10  ft.  by  12  ft.,  one  house  20  ft.  by 
20  ft.,  one  house  14ft.  by  28  ft.,  one  house  10  ft.  by  14  ft.,  one  house  12  ft. 
by  24  ft.,  and  one  house  20  ft.  by  80  ft.  with  ijaaement  and  one  house  18  ft. 
by  20  ft. 

Our  laying  quarters  cover  6,182  square  feet  of  floor  space  and  will  ac- 
commodate 1,550  hens.  We  have  1,484  square  feet  of  brooder  space  that 
will  accommodate  5,000  chicks. 

EQUIPMENT. 

The  department  lias  operated  twenty-five  incubators  during  the  year. 
Both  the  hot  water  and  hot  air  types  are  to  be  found  in  our  latwratories. 
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A  coal  stove  brooder  system  is  in  full  use  in  the  poultiy  plant.  There  are 
nearly  3,500  chicks  upon  range  (June  6). 

Upwards  of  800  head  of  fowls  have  been  kept  for  commercial,  educational, 
and  investigational  purposes.  The  leading  breeds  that  have  been  kept  for 
investigational  and  breeding  purposes  are  as  follows:  Barred  Rocks,  163; 
White  Leghorns,  496;  and  Rhode  Island  Reds,  53.  The  following  breeds 
have  been  kept  for  demonstration  purposes:  White  Wyandotte,  13;  Buff 
Orphingtons,  14;  Brown  L^homs,  25;  Miscellaneous,  46. 

Ducks:  5  Pekin,  23  Muscovy  (Colored)  and  Muscovy  (White),  5 
Mallard, 

Geese:    5  Toulouse,  2  Emden. 

Pigeons:  Ten  pairs  of  White  Kings  are  being  bred  in  order  that  infonua- 
tion  can  be  given  to  the  State  upon  the  possibilities  of  squab  raising  for  market 
purposes. 

Turkeys:  One  pen  (1  male,  4  females  and  11  youi^)  is  being  bred  by 
J.  W.  Hemans,  Onondaga,  for  the  College  upon  virgin  soil. 

EDUCATIONAL. 

Poultry  has  been  taufi^t  to  college  students  during  the  entire  year.  Fed- 
eral Aid  men  (40  in  number)  have  been  taught  for  two  hours  daily  for  twelve 
weeks. 

Two  short  courses  have  been  conducted  during  the  year  with  good  suc- 
cess by  way  of  numbers,  and  I  believe  followed  with  interest  among  our  stu- 
dents. A  breed  test  of  laying  ability  was  started  on  November  1,  1920  and 
will  close  on  the  evening  of  October  31,  1921.  There  are  twenty-four  pens 
in  the  contest,  each  containing  five  bens.  These  were  selected  from  flocks 
found  in  sixteen  counties. 

The  116  hens  are  trapped  daily.  Reports  are  mailed  to  each  farmer  whose 
hens  are  m  the  contest,  every  Monday  morning,  along  with  descriptions  of 
methods  of  feeding  and  management.  Monthly  reports  are  sent  to  A^i- 
cultural  and  Poultry  Journals  for  publication.  Great  interest  is  taken  not 
only  in  the  weekly  reports  but  the  monthly  ones  as  well. 

From  November  1,  1920  to  the  evening  of  May  28,  1921  (thirty  weeks) 
116  hens  (four  having  died)  have  laid  12,070  eggs,  all  of  which  have  been 
sold  for  market  purposes. 

Amount  received $582.90 

Amount  paid  for  feed 181 ,  10 

Profit,  or  Labor  Income $401 ,  80 

Average  per  hen  $3.46  for  the  first  thirty  weeks. 

During  the  year  a  fine  building  20  ft.  by  80  ft.  has  been  added  to  the  de- 
partment. This  building  will  provide  classrooms  and  laboratories,  and  will 
fill  a  long  time  need. 

The  laboratories  are  being  equipped  for  next  year's  work  and  when  com- 
plete will  afford  opportunity  for  doing  a  much  higher  class  of  work  which 
will  strengthen  both  classroom  and  research  work  for  the  Collie. 
Respectfully  submitted, 

C.  H.  BURGESS, 
Professor  of  Poultry  Husbandry. 
East  Lansing,  Mich^an,  June  30,  1921. 
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REPORT  OF  THE  SOILS  DEPARTMENT. 

President  Kedzie: 

Two  new  courses  are  being  outlined,  the  one  on  commercial  fertilizers  re- 
quired of  all  junior  agricultural  students,  and  the  other  on  muck  soils  to  be 
offered  to  seniors.  It  has  been  deemed  advisable  to  introduce  these  courses 
because  of  the  rapidly  growing  use  of  commercial  fertiiizera  in  the  State,  and 
the  agricultural  future  of  muck  lunds.  In  order  that  these  and  other  courses 
ofTered  by  the  members  of  the  department  may  be  satisfactorily  presented, 
greenhouse  space  is  imperative. 

Certain  members  of  the  staff  arc  desirous  of  attending  other  institutions 
to  undertake  graduate  work.  This  attitude  certainly  is  commendable  and 
if  done  should  strengthen  the  organization.  I  trust  that  the  administration 
will  see  fit  to  make  it  possible  for  this  to  be  brought  about. 

The  results  obtained  from  the  various  lines  of  endeavor  are  on  the  whole, 
gratifying.  Wc  are  able  to  meet  only  a  relatively  small  per  cent  of  the  re- 
quests for  the  inauguration  of  experimental  and  demonstrational  projects 
on  soils,  and  for  information  derived  from  such.  Especially  is  this  the  case 
where  the  lighter  soils  of  the  State  are  oncerned— consiequently  we  are  in 
need  of  an  assistant  to  act  as  leader  in  this  work. 

The  members  of  the  staff  again  desire  you  to  know  that  your  interest  in 
the  various  projects  and  your  timely  suggestions  are  appreciated. 
Respectfully  yours, 

M.  M.  McCOOL, 

Professor  of  Soils. 
East  Lansing,  Michigan,  June  30,  1921. 


REPORT  OF  THE  DEAN  OF  ENGINEERING. 

Dr.  F.  S.  Kctlzic,  President, 
Michigan  Agricultural  College. 
Dear  Sir: 

I  have  the  honor  to  present  my  fourteenth  annual  report  as  Dean  of  En- 
gineering. 

Personnel. 

Civil  Engineering. 
H,  K.  Vedder,  Professor, 
C.  L.  Allen,  Associate  Professor, 
C.  M.  Cade,  Aa'^istant  Professor, 
R.  G.  Saxton,  Assistant  Professor, 
W.  W.  Hitchcock,  Assistant  Professor, 
B.  K.  Philp,  Assistant  Professor, 

F.  A.  Gould,  Instructor,    ■  DioitizecO'CjOOQlc 

J.  F.  Gibba,  Instructor,  '  ^ 
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Drawing  aiid  Design. 
R.  K.  Steward,  Professor, 
C.  Newman,  Associate  Professor, 
L.  N.  Field,  Associate  Professor, 
A.  G.  Scheele,  Associate  Professor, 
Miss  C.  Holt,  Asabtant  Professor, 
J.  W.  Steward,  Asabtant  Professor, 
J.  E,  Robertson,  Assistant  Professor, 
E.  H.  Stewart,  Assistant  Professor, 

C.  L.  Brattin,  Assistant  Professor, 
J.  Rising,  Instructor, 

0.  W.  Fairbanks,  Instructor, 
M.  B.  Chapin,  Instructor, 
Miss  E.  Butler,  Instructor, 

Electrical  Engitieerin^. 
A.  R.  Sawyer,  Professor, 
M.  M.  Cory,  Associate  Professor, 
L,  S.  Foltz,  Associate  Professor, 
E.  E.  Kinney,  Instructor, 
R.  D.  Wyckoff,  Instructor, 

Mechanical  Engineering. 
H.  B.  Dirka,  Professor, 
W.  E.  Reuling,  Assistant  Professor, 
G,  C.  Wright,  Assistant  Professor, 
V.  W.  Hewlett,  Assbtant  Professor, 
P.  J.  Baker,  Assbtant  Professor, 
A.  P.  Krentel,  Instructor, 
A.  Watt,  Instructor, 
J.  A,  Eicher,  Instructor, 
G.  J,  Posthumus,  Instructor, 

D.  T.  Millard,  Instructor, 
W.  L.  Watt,  Instructor, 
C.  N,  Rix,  Instructor, 

E.  C,  Crawford,  Assbtant. 

Changs  in  Personnel  During  the  Year. 

Mr.  Andrew  Watt  died  during  the  spring  vacation  after  a  brief  illness.  Mr, 
Watt  served  the  College  faithfully  and  well  as  instructor  in  forging  and  horse- 
shoeing in  the  Farm  Mechanics  department  from  1909  to  1916,  and  there- 
after as  instructor  in  forging  in  the  Mechanical  Engineering  department. 
He  had  the  respect  and  friendship  of  all  college  people  during  the  years  of 
hb  connection. 

Mr.  Watt  was  succeeded  by  Mr.  Bert  Sangster,  transferred  from  the 
Farm  Mechanics  department. 
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EnroUmem. 
Officisl  figwes  for  1920-21. 


Chem.E. 

C.  E. 

E.  E. 

M.  B. 

Tow. 

10 
28 

1 

20 

44 

66 

.7 

148 

143 

147 

The  fluctuation  in  total  enrollment  and  graduates  in  engineering  for  the 
past  few  years,  including  the  war  period,  is  shown  by  the  following: 


1913-16 
1916-17 

Totftl 

407 
380 

Graduates 

66 

66 

1917-18 

300 

:« 

1918-19 

24S 

211 

1919-20 

460 

4« 

1920-21 

606 

65 

The  total  enrollment  of  1919-20  and  of  1920-21  is  in  excess  of  any  pre- 
vious figures,  the  previous  peak  having  been  reached  1912-13  with  a  total 
of  450. 

Courses  of  Study. 

The  catalog,  now  in  press,  presents  a  few  changes,  su^ested  and  enacted 
as  a  consequence  of  experience  with  (he  new  courses  inaugurated  in  1918-19, 
and  fully  effective  during  the  past  year,  viz: 

Senior  Year.  Spanish,  History  and  advanced  Military  Science  have  been 
added  to  and  French  dropped  from  the  optional  group  of  3  credits  per  term 
for  three  terms. 

Freshman  Year.  Chemistry  increased  from  4  to  5  credits  in  winter  and 
spring  terms.  Drawing  reduced  from  5  to  4  credits  in  the  winter  and  in- 
creased from  3  to  4  in  the  spring  terra,  Hbtory  and  Political  Science  drop- 
ped from  the  spring  term,  and  Current  Events  to  alternate  with  English  in 
the  winter  and  spring  terms. 

In  my  opinion  the  courses  are  too  heavy  for  effective  work  and  should  be 
reduced  to  16  or  17  credit  hours  per  terra. 

Egvipment. 

No  notable  additions  to  the  material  equipment  of  the  departments  have 
been  made. 

Short  Courses. 

Cooperating  with  the  Farm  Mechanics  department  the  Mechanical  En- 
gineering department,  in  February  and  March,  conducted  two  four-weeks' 
"Truck  and  Tractor"  courses  which  were  well  attended.  ^-  i 
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Summer  School. 

The  experience  of  the  past  few  years  indicates  that  the  work  in  engineer- 
ing subjects  during  the  summer  session  is  not  taken  by  enough  students  to 
pay  for  the  trouble  and  expense  entailed. 

Special  Activities. 

Home  Builders'  Conference.  Jointly  with  the  Farm  Mechanics  depart- 
ment, the  Division  of  Engineering  extended  the  facilities  of  the  College  to 
the  Portland  Cement  Association,  Jan.  13  and  14,  1921,  for  interesting  and 
instructive  lectures,  discussions,  and  demonstrations  relative  to  the  use  of 
cement  and  concrete  in  house  building. 

Ledurea.  Col.  H.  C.  Boyden,  U.  S.  A.,  addressed  the  Civil  Engineerii^ 
department,  students  and  instructors,  on  the  subject  of  "Cement  and  Con- 
crete." 

Mr.  F,  F,  Burroughs,  '09,  General  Manager  of  the  Mutual  Fire  Prevention 
Bureau,  Chicago,  on  Mar.  1,  1921,  addressed  engineering  studente  and  teach- 
ers on  "Insurance  Engineering"  and  two^days  later  on  "Fire  Prevention 
Methods.' ' 

In  addition  the  departments  have  benefited  by  impromptu  talks  by  practical 
men  in  their  respective  fields  of  work.  Many  of  these  speakers  are  alumni 
of  the  CoU^e. 

The  student  branches  of  the  American  Society  of  Mechanical  Engineers, 
the  American  Institute  of  Electrical  Engineers,  and  the  American  Chemical 
Society  have  met  frequently. 

ATficda. 

Besides  the  usual  and  reasonable  requirements  of  the  departments  for  new 
apparatus,  I  mention  the  subject  of  experiment  station,  and  additional  build- 
ing ^mce  fo^  certain  features  of  the  work,  as  worthy  of  serious  conaideratioQ, 
'  and  I  am  hoping  that  I  may  be  called  upon  to  present  these  needs  in  greater 
detail  before  very  long. 

Respectfully  submitted. 

G.  W.  BISSELL, 
Dean  of  Engineering. 
East  Lansing,  Michigan,  June  30,  1921. 
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REPORT  OF  THE  CIVIL  ENGINEERING  DEPARTMENT. 

President  F.  S.  Kedzie, 

College. 

Dear  Sir: 

For  this  department  the  year  just  ended  shows  a  very  satisfactory  record, 
whether  measured  by  past  experience  or  by  immediate  results.  Student 
endeavor  seems  to  have  returned  to  norma!  zeal  and  purpose;  the  teaching 
staff  has  met  its  part  of  the  college  program  with  commendable  efEciency. 

The  department  teaching  staff  for  the  year  included  the  names  listed 
below  in  the  order  of  seniority  of  appointment.  There  were  no  withdrawals 
during  the  year.  To  complete  the  record,  it  must  be  noted  that  in  the  fall 
term,  Mr.  R.  O.  Van  Orden  was  engaged  as  student  instructor  in  the  field 
work  of  surveying  for  two  hours  per  week. 

H.  K.  Vedder,  C.  E.,  Professor  of  Civil  Engmeering 
C.  M.  Cade,  C,  E,,  Assistant  Professor  of  Civil  Engineering 
R.  G.'  Saxton,  C.  E.,  Assistant  Professor  of  Civil  Engineering 
W.  W.  Hitchcock,  C.  E.,  Assistant  Professor  of  Civil  Engineering 

B,  K.  Philp,  C.  E.,  Assistant  Professor  of  Civil  Engineering 

C.  L.  Allen,  C.  E.,  Associate  Professor  of  Civil  Engineering 
J.  F.  Gibbs,  B.  S.,  Instructor  in  Civil  Engineering 

F.  A.  Gould,  C.  E.,  Instructor  m  Civil  Engineering 

The  tabulation  which  follows  will  answer  all  questions  with  reference  to 
the  teaching  schedule,  the  number  of  classes  and  the  attendance  therein. 
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STATE  BOARD  OF  AGRICULTURE. 

CLASS  WORK— CIVIL  EHGINBeRIKQ  DEFASTUENT  FOR  COLLEOE  YEAR  l»0-ltll. 

WINTER  TERM,  IWI. 
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The  following  text-books  have  been  used  in  our  classes  during  the  year; 
Merriman  &  Jacoby's  Roofs  &  Bridges,  Vola.  I  &  III;  Malcolm's  Graphic 
Statics;  Poorman's  Mechanics;  Russell's  Hydraulics;  Hool  &  Johnson's 
Concrete  Engineers'  Handbook;  Blajichard's  American  Highway  Engineers 
Handbook;  Harger  &  Bonney's  Highway  Engineers'  Handbook;  Tumeaure 
&  Russell's  Public  Water  Supplies;  Metcalf  &  Eddy's  American  Sewerage 
Practice,  Vol,  I;  Hosmer's  Astronomy;  Boyd's  Strength  of  Materials;  Allen's 
Railroad  Curves  &  Earthwork  (with  tables);  Breed  &  Hosmer's  Surveying, 
Vols.  I  &  II ;  Elliott's  Engineering  For  Land  Drainage,  and  Tucker's  Contracts 
in  Engineering. 

The  total  expenditure  by  the  department  during  the  year  for  all  purposes 
except  salaries  has  been  $1,628.06.  During  the  same  period  the  sum  of 
$535.00  has  been  turned  in  for  class  and  examination  fees.  Our  annual  in- 
ventory for  1921  shows  an  aggr^ate  of  $19,138.95  as  against  $17,965.73  in 
1920. 

Respectfully  submitted, 

H.  K.  VEDDER, 
Professor  of  Civil  Engineering. 
East  Lansing,  Michigan,  June  30,  1921. 


REPORT  OF  THE  DEPARTMENT  OF  ELECTRICAL  ENGINEERING. 

President  F.  S.  Kedzie, 
Michigan  Agricultural  College, 
East  Lansing,  Michigan. 
Dear  Sir: 

I  have  the  honor  to  submit  the  following  report  upon  the  Department  of 
Electrical  Engineering,  for  the  year  ending  June  30,  1921. 

TEACHING  STAFF  FOH  THE  YEAIt. 

The  teaching  staff  for  the  department  was  as  follows: 

A.  R.  Sawyer,  Professor. 

M,  M.  Cory,  Associate  Professor. 

L.  S.  Foltz,  Associate  Professor. 

E.  E.  Kinney,  Instructor. 

R,  D,  Wyckoff,  Special  Research  Instructor. 

Professor  Foltz  was  head  of  the  Department  of  Electrical  Engineering  at 
the  Colorado  Agricultural  College,  and  has  given  his  attention  particularly 
to  the  work  of  the  seniors  in  Alternating  Currents.  Mr.  E.  E.  Kinney,  who 
graduated  with  the  class  of  1915  and  came  to  us  after  several  years  of  experi- 
ence in  the  commercial  field,  has  carried  the  work  in  Electrical  Measurement, 
Storage  Batteries,  and  the  D.  C.  Laboratory.  Mr.  Wyckoff,  who  graduated 
last  year,  came  to  do  some  experimental  work  in  Wireless  Telegraph  and 
Telephony.  These  three  men  have  added  to  the  capacity  of  the  depart- 
ment very  considerably  and  made  it  possible  for  us  to  accomplish  more  than 
in  previous  years. 

The  application  of  electrical  principles  to  industrial  work  has  been  80 
broad  that  it  is  impossible  for  one  or  two  men  to  adequately  cover  the  field. 
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The  department  planned  to  establish  a  wireless  telephone  station,  in  order 
to  cooperate  with  the  local  weather  bureau,  in  giving,  by  wireless  telephone, 
various  reports  to  the  farmers  of  the  State  directly.  We  had  very  little  to 
start  with  and  considerable  apparatus  haa  been  made,  while  some  difficulty 
was  encount«red  in  getting  everything  ready  because  of  the  novelty  of  the 
idea.  The  Department  of  Agriculture  at  Washington  is  now  tryii^  out  the 
same  idea  in  sending  crop  repoi-ts,  prices,  weather  reports,  time,  etc.,  broad- 
east.  We  shall  endeavor  to  take  this  information  and  send  it  out  by  wireless 
telephone  to  the  people  of  the  State. 
Accompanying  is  a  class  report  for  the  past  year. 

FALL  TERM  1920. 

E.  E.  la — Elec.  of  E.  E. — Juniors  in  E.  E. — 6  hours  of  Computation— 20 

students — Mr,  Cory. 
E.  E.  30 — Storage  Batteries — Juniors  and  Seniors — Electricals — 2  hours 

rec. — 2  hours  of  Lab. — 36  students — Mr,  Kmney. 
E.  E.  35 — Electro  Chemistry — Senior — Electricals  and  Chemicals — 3  hours 

rec. — 4  hours  Lab. — 14  studente — Mr.  Sawyer  and  Mr.  Ewing. 
E.  E.  14 — Electro  Measurements — Juniors  in  E.  E.^ — 2  hours  Rec.  4  hours 

Lab. — 23  students — Mr.  Sawyer  and  Mr.  Kinney. 
E.  E.  14a — Electro  Measurements — Juniors  in  M.  E. — 2  hours  Rec. — 2  hours 

Lab. — 23  students — Mr.  Sawyer  and  Mr.  Kinney. 
E.  E.  3a — Alternating  Current— Seniors  in  E.  E. — 5  hours  Rec. — 2  hours 

Lab. — 16  students — Mr.  Foltz  and  Mr.  Coiy. 
E.  E.  20 — Power  Transmission — Seniors  in  E.  E. — 3  hours  Rec. — 17  students 

—Mr.  Foltz. 
E.  E,  6a — D.  C.  Machines — Junior  Civils  and  Chemicals — 3  hours  Rec. — 

43  students — Mr.  Cory. 
E.  E.  18c — Alternating  Current — Seniors  in  M.  E. — 2  hours  Rec. — 4  hours 

of  Lab.— 21  students— Mr.  Foltz. 

WINTER  TERM  1920. 

E.  E.  lb — Dynamo  Electric  Machinery — Juniors  in  E.  E, — 5  hours  Rec. — 

19  men — Mr.  Sawyer. 
E.  E.  14b — Electro  Measurements — Juniors  in  E.  E. — 2  Rec. — 2  hours  Lab. — 

19  students — Mr.  Sawyer  and  Mr.  Kmney. 
E.  E.  18a — Dynamo  Electric  Machinery — Juniors  in  M,  E. — 4  hours  Rec. — 

21  students — Mr.  Sawyer. 
E.  E.  3b — A.  C.  Machines— Seniors  in  E.  E. — 5  hours  Rec. — 18  students — 

Mr.  Foltz. 
E.  E.  4— A.  C.  Lab.— Seniors  in  E.  E.— 10  Lab.  hours— 18  students— Mr.  Cory 
E.  E.  10 — A.  C.  Design — Seniors  in  E.  E. — 6  hours  Lab.— 6  students — Mr. 

Foltz. 
E.  E.  12 — Elec.  Illumination — Seniors  in  E.  E. — 2  recitations  per  week — 13 

students — Mr.  Foltz. 
E.  E.  15 — Electro  Measurements — Seniors  in  E.  E. — 2  Rec.  and  2  Lab. 

hours — 11  students — Mr.  Wyckoff. 
E,  E,  21 — Power  Distribution — Seniors  in  E.  E. — 4  Lab.  hours — 13  students — 

Mr.  Coiy. 
E.  E.  25 — Communication — 1  Rec.  2  hours  Lab. — 13  students — Mr.  Wyckoff. 
E.  E.  6b — Alternating  Current  Machines—^  hours  Rec. — 4  Lab.  hours — 43 

students— Mr.  Cory  and  Mr.  Kinney. 
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E.  E.  Ic — D.  C.  Design — 5  Rec.  hours — 18  studenta — Mr,  Sawyer. 

E.  E.  2— D.  C.  I^nb.— Juniors  in  E.  E. — i  Lab.  houra— 18  atudenta— Mr. 
Kinney. 

E.  E.  ISb—Auto.  Electrics — Juniors  in  M.  E.— 3  Rec. — i  hours  Lab. — 22 
Btudentfi — Mr.  Kinney. 

E.  E.  22 — Electrical  Railways — Seniors  in  E.  E. — 4  Lsb.  hours — 13  students- 
Mr.  Cory. 

E.  E.  26 — Electric  Communication — 1  Rec,  hour — 2  hours  Lab. — 10  students 
—Mr.  Wyckoff , 

E,  E.  28 — Hydro — Electric  Power  Development — Seniors  in  E,  E. — i  hours 
Lab. — 15  students — Mr.  Foltz. 

Respectfully  submitted, 

A.  R.  SAWYER, 
Professor  of  Electrical  Engineering. 

East  Lansing,  Michigan,  June  30,  1921. 


REPORT  OF  THE  DEPARTMENT  OF  MECHANICAL 
ENGINEERING. 

Dr.  F.  S.  Kedzie,  President. 
Michigan  Agricultural  College. 
East  Lansing,  Mich. 
Dear  Sir: 

The  following  is  a  report  of  the  work  of  the  Department  of  Mechanical 
Engineering  for  the  year  ending  June  30th,  1921. 

The  personnel  of  the  department  at  the  end  of  the  year  was  as  follows : 

H,  B.  Dirks,  Professor  of  Mechanical  Engineering. 
W.  E.  Reuling,  Assistant  Professor  of  Mechanical  Engineering. 
G.  C  Wright,  Assistant  Professor  of  Mechanical  Engineering. 
V.  W.  Hewlett,  Assistant  Professor  of  Mechanical  Engineering. 
P.  J.  Baker,  Metallurgical  Engineer. 

A.  P.  Krentel,  Foreman  of  Wood  Shop. 

G,  J.  Posthumus,  Instructor  in  Wood  Shop. 

D.  T.  Millard,  Instructor  in  Wood  Shop. 
W.  L.  Watt,  Instructor  in  Machine  Shop. 
C.  N.  Rix,  Instructor  in  Machine  Shop. 
J.  A.  Eicher,  Instructor  in  Foundry. 

B.  Sangster,  Instructor  in  Forge  Shop. 

E.  C.  Crawford,  Laboratory  Engineer. 
Ray  Pearson,  Storekeeper. 

J.  F,  Hineline,  Machinist. 
Miss  J.  B.  Allan,  Stenographer. 

You  will  note  that  there  have  been  several  changes  in  personnel  since  last 
year.  The  resignation  of  Mr.  W.  G.  Hildorf  was  probably  our  greatest  loss, 
and  comii^  as  it  did  so  late  in  the  summer  created  an  unfortunate  condition. 
However,  with  the  appointment  of  Mr.  P.  J.  Baker,  of  the  class  of  1908,  we 
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were  able  to  continue  the  work  in  the  Metallurgical  courses  formerly  carried 
by  Mr.  Hildorf . 

In  order  to  take  care  of  the  new  optional  courses  in  the  senior  year,  Mr. 
V.  W.  Hewlett  was  appointed  to  take  charge  of  the  courses  in  Automotive 
Engineering.  Before  coming  to  M.  A.  C,  Mr.  Hewlett  had  charge  of  auto- 
motive courses  at  Pennsylvania  State  College. 

The  death  of  Mr.  Andrew  Watt  on  March  14th,  following  an  operation  took 
from  our  teaching  staff  another  member  whose  work  was  always  well  done, 
and  whose  personality  was  such  as  to  make  his  loss  very  noticeable.  Mr.  B. 
Sangster,  formerly  tool-room  attendant  in  the  Farm  Mechanics  department, 
however,  has  proved  an  able  successor  to  Mr.  Watt,  and  the  work  of  the  forge 
shop  is  being  well  taken  care  of,  especially  so,  as  Mr.  Sangster  has  had  experi- 
ence both  in  agricultural  and  engineering  work. 

As  in  the  past  two  years,  assistance  was  again  given  the  Farm  Mechanics 
department  in  the  teaching  of  several  coursesin  the  Truck  and  Tractor  short 
course.  Instruction  was  given  in  Forge  Shop  and  the  equipment  of  the  de- 
partment was  used  in  the  course  in  Ignition  and  Lighting,  Truck  Kngines  and 
Carburetion. 

In  the  summer  school  courses  were  offered  in  the  Wood  Shop,  Forge  Shop 
and  Machine  Shop,  but  with  the  exception  of  a  week's  instruction  to  Manual 
Training  teachers  in  the  Wood  Shop,  the  Machine  Shop  courses  were  the  only 
ones  in  which  students  were  enrolled.  Here  thirteen  students  were  registered 
in  three  courses. 

The  principal  new  equipment  obtained  during  the  year  consists  of  two 
electric  motors,  which  have  been  placed  in  the  machine  shop  to  drive  some  of 
the  government  machine  tools,  purchased  last  year.  In  order  to  make  use  of 
all  the  machine  tools  purchased  it  will  be  necessary  to  acquire  several  more 
motors.  In  addition  to  the  above  motor  requirements,  we  are  in  particular 
need  of  another  Universal  testing  machine  in  the  materials  testing  laboratory, 
dynamometers  for  testing  automotive  equipment,  and  a  switch  board  for  the 
Turbo-Generator.  The  latter  is  necessary  not  only  for  a  proper  installation, 
but  also  for  emergency  use  in  fiuiiishing  current  to  the  College  in  case  of  a 
breakdown  in  the  College  Power  House. 

The  optional  courses  of  the  senior  year,  which  were  given  for  the  first  time, 
were  divided  among  the  23  seniors  as  follows:  Automotive  Engineering,  7 
men;  Steam  Engineering,  2  men;  Industrial  Engineering,  14  men.  Several 
of  the  men,  however,  having  advance  credits,  took  couraes  in  more  than  one 
group.  The  Industrial  and  Automotive  groups  are  closely  alUed,  and  the 
fact  that  most  of  the  seniors  chose  these  grou[»  was  no  doubt  due  to  the  posi- 
tion which  the  State  holds  in  these  hnes  and  therefore  of  the  probable  demand 
there  would  be  for  men  who  had  speciahzed  along  these  lines. 

I  wish  to  express  my  appreciation  of  the  work  of  the  various  members  of 
the  department,  during  the  past  year  and  wish  especially  to  acknowledge  the 
work  of  Mr.  Wright  in  organizing  the  new  courses  in  Industrial  Engineering. 

The  teaching  schedule  for  the  year  is  shown  in  the  tables  that  follow: 
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Respectfully  submitted, 

H.  B.  DIRKS, 
Professor  of  Mechanical  Engineering. 
East  I^nsing,  Michigan,  June  30,  1921. 


REPORT  OF  THE  DEPARTMENT  OF  DRAWING. 

President  F.  S.  Kedzie, 

East  Lansing,  Michigan. 
Dear  Sir: 

I  herewith  present  to  you  my  fifth  annual  report  as  head  of  the  Department 
of  Drawing  and  Design  for  the  year  ending  June  30,  1921. 

The  personnel  of  the  department  at  the  opening  of  the  college  year  was  as 
follows: 

R.  K.  Steward,  C.E.,  Professor. 

Chace  Newman,  Associate  ftofessor. 

L.  N.  Field,  B.M.E.,  Associate  professor. 

A,  G.  Scheele,  A.M.,  Associate  professor. 

Miss  C.  L.  Holt,  Assistant  professor. 

J.  W.  Steward,  B.M.E.,  Assistant  professor. 

E.  H.  Stewart,  B.S.  in  M.E.,  Assistant  professor. 

C.  L.  Brattin,  B.M.E.,  Assistant  professor. 

M.  B.  Chapin,  Ph.B.,  Instructor. 

J.  Ri^g,  M.E,,  Instructor. 

Miss  Edith  Butler,  Instructor. 

0.  W.  Fairbanks,  B.S.,  Instructor. 

J.  E.  Robertson,  B.S.,  C.E.,  Instructor. 
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Tbifl  year  haR  been  one  in  which  we  have  had  an  opportnuity  to  work 
with  Btnaller  nectioott  and  I  feel  that  afi  a  result  of  this  fact,  a  higher 
tttandard  has  been  set.  There  han  also  been  more  time  to  devote  to  the 
dettigning  and  planning  of  the  different  conrses  taught  in  the  depart- 
ment, and  outlines  and  H{>ecifir-ationt«  are  now  complete  for  all  courses  to 
be  taught  next  year.  In  addition  to  thin  work,  the  different  instructors 
have  put  in  over  300  hourn  in  the  bine  printing  room  in  preparation  for 
work  next  year,  and  have  also  been  doing  printing  for  other  depart- 
ments. 

Last  year  for  tbe  first  time  in  a  number  of  years,  tbe  sophomore  engi- 
neers were  requireil  to  take  a  course  of  4  hours  per  week  in  freehand 
drawing.  They  did  this  reluctantly,  but  this  year's  class  is  taking  up 
the  work  in  a  different  spirit  and   tbe  results  are  very  gratifying. 

I  wish  to  take  this  opportunity  to  again  express  my  appreciation  for 
the  unanimous  support  which  has  been  given  me  during  the  past  year 
by  tbe  members  of  tbe  department  staff. 

The  following  is  a  teaching  schedule  of  tbe  department: 
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TEACHINa  BCHBDULE  DEPARTMENT  OF  DRAWING  AND  DEBIQN-FALL  TERM.  1I»0. 
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TEACHINO  SCHEDULE  DEPARTMENT  OF  DRAWING  AND  DESION-WINTER  TERM,  lUO. 


cw 

Bubwt. 

No. 

rnrtrMto. 

Btmu. 

No.  of 

itudtnt*. 

It!:::: 
K::: 

i;; 

IS"-.:- 
IS- 

iti::;: 

tw.... 

»M.... 

i;;: 

SM.... 

a<M.::: 
I?,::::: 

1! 
i! 

1 

10 
10 

i 

I 

I 

10 

a 

3 

Mr.  Fiirbuka.  Mr.  Fldd 

R.K.Bl«wini,Mr.B«tlJn 

DwiMi     BWOKlrv 

13 

i:S=: 

gkKriMr.-B^iin:.::- 

EivVbSr''""''**-^:- 

Suw'^U'uHiuu;.:.:- 

Mr,CUpto,Mr.NeiniuD 

cb,  Google 


DEPARTMENT  REPORTS. 

TEACHING  SCHEDULE  DEPARTMENT  OF  DRAWING  AND  DESIGN-nBPRINQ  TERM,  1 
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Respectfully  submitted, 
R.  K.  STEWARD, 
Professor  of  Drawing  and  Design. 
East  Lansing,  Micliigan,  June  30,  1921. 
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REPORT  OF  THE  DEPARTMENT  OF  HOME  ECONOMICS. 

President  F.  S.  Kedzie, 

East  Lansing,  Michigan. 
My  dear  President  Kedzie : 

I  have  the  honor  to  present  the  following  report  for  the  Division  of  Home 
EcoDomicg  for  the  fiscal  year  ending  June  30,  1921: 

PERSONNEL  OF  THE  DIVISION. 

Household  Science  Department. 

Miss  Mary  £.  Sweeney,  Dean  of  Home  Economics. 

Miss  Hilda  Faust,  Professor. 

Miss  Louise  I.  Clemens,  Assistant  professor. 

Miss  Osee  Hughes,  Assistant  Professor. 

Miss  May  Person,  Assbtant  Professor. 

Miss  Avis  L.  Sprague,  Instructor. 

Household  Art  Department : 
Miss  Winifred  S.  Gettemy,  Professor. 
Miss  Anna  Bayha,  Associate  Professor. 
Miss  Helen  Goodrich,  Assistant  Professor, 
Miss  Cecil  VanSteenberg,  Assistant  Professor. 
Miss  Minerva  Fouts,  Instructor. 
Miss  Florence  A.  StoU,  Instructor. 
Miss  Ethel  Taft,  Instructor. 

STUDENT  ENBOLLHENT. 

The  total  enrollment  for  the  year  1920-21  was  425,  showing  an  increase 
over  last  year  of  72  students.    The  enrollment  by  classes  was: 

Seniors 45 

Juniors 73 

Sophomores 108 

Freshmen 135 

Specials 11 

Summer  School 53 

Total 425 

INSTRUCTIONAL  FORCE. 

It  was  with  regret  the  College  accepted  the  resignation  of  Dean  Mary  E. 
Edmonds  who  married  in  the  fall.  Her  service  to  the  institution  as  an  in- 
structor has  been  most  enthusiastic  and  constructive.  To  her  efforts  lai^ly 
are  due  the  splendid  opportunity  for  service  to  the  State  which  this  division 
now  enjoys.  Mrs.  Grace  Frear  resigned  in  the  late  summer,  and  Miss  Ruth 
Kellogg  was  granted  indefinite  leave  on  account  of  illness  in  her  family  in 
December,  The  following  appointments  were  made:  Miss  May  Person, 
formerly  State  Leader  in  the  Home  Demonstration  Work  of  Michigan,  as 
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Assistant  Profesaorin  Nutrition;  Mias  Avis  L.  Spra«ue,  University  of  Chic^^, 
as  instructor  in  Institutional  Management;  Miss  Helen  Goodrich,  University 
of  Chicago,  as  Assistant  Professor  of  Household  Art.  For  the  interval  be- 
tween September  27  and  December  1,  when  the  present  Dean  assumed  the 
administrative  duties  of  the  division,  Miss  May  Person  was  appointed  as 
Acting  Dean.  To  her  conscientious  service,  together  with  the  splendid  co- 
operation of  the  Home  Economics  faculty,  the  success  of  the  year's  work  is 
due. 

COUH8B  OF  STUDY. 

It  was  deemed  necessary  by  the  faculty  of  the  Home  Economics  division 
and  by  the  Advisory  Home  Economics  Committee  of  the  General  Faculty 
to  make  certain  revisions  in  the  course  of  study  for  the  next  year,  allowing 
greater  range  of  choice  among  electives  for  students  beginning  with  the 
junior  year  and  higher  specialization  than  is  now  offered,  also  to  develop  a 
general  course ^which  would  permit  a  matriculate  to  take  an  elective  for  each 
of  four  years,  and  while  receiving  all  the  fundamental  training  in  home 
economics,  to  minor  in  another  subject.  The  need  was  also  pressing  because 
of  the  newer  opportunities  open  to  home  economics  graduates  as  hospital 
dietitians,  visiting  housekeepers,  county  home  demonstration  agents,  clini- 
cians in  hospitals,  expert  buyers  for  mercantile  firms,  and  cafeteria  and  lunch 
room  managers. 

The  evidence  of  this  need  for  specialized  training  is  shown  by  the  positions 
accepted  by  graduates  of  this  year's  class,  fifteen  per  cent  enter  the  service  of 
hospitals  as  dietitians,  ten  per  cent,  extension  service  of  the  Michigan  Agri- 
cultural College,  one  social  service  field,  one  State  Board  of  Health,  one  com- 
mercial demonstration,  and  the  rest,  teaching. 

The  following  courses  to  become  effective  with  the  fait  of  1921,  were  accepted 
by  the  General  Faculty  and  approved  by  the  State  Board  of  Agriculture : 
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FOOD  AND  NUTRinOH  MAJORS. 
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VOCATIONAL  HOME  ECONOMICS— UAJOBS. 
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GENERAL  ELECTIVES  FOR  ntBSHBlEN  OENERAJ.  SOME  ECONOMICS  CODRfiE. 
■MitboBttici  lb ! 
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DEVELOPMENT  OF  THE  WOBK  OF  THE  DIVISION. 

Among  the  gratifying  indications  of  the  steady,  irresistabie  growth  of  the 
division  are  the  rapid  development  of  field  work,  and  the  requests  made  by 
business,  professional  and  educational  organizations  for  assistance  and  direc- 
tion, some  of  which  are  Women's  Clubs,  State  Grange,  Mothers'  Clubs, 
Association  of  Collegiate  Alumnse,  State  Nurses,  Teachers'  Associationa, 
Business  and  Professional  Women's  Leagues,  League  of  Women  Voters, 
High  School  Conferences,  County  Home  Demonstration  Agents'  Meetings, 
State  Allied  Dairymen's  Association,  Vocational  Education  conferences, 
Alumni  Associations  of  Michigan  Agricultural  College. 

The  pressing  demand  for  home  economics  trained  women  in  nutrition  educa- 
tion, in  social  service,  and- in  business,  and  the  necessity  for  women  before 
entering  to  have  had  previous  opportunity  to  know  the  real  problems  of  these 
fields  and  to  solve  them,  led  to  the  introduction  of  the  spring  term  of  field  work 
in  visiting  housekeeping,  in  hospital  dietetics,  in  nutritional  choics,  in  com- 
mercial cafeterias  and  in  high  school  lunch  rooms. 

At  the  request  of  Superintendent  Frank  Cody,  a  survey  of  the  cafeterias 
operated  in  connection  with  the  high  schools  of  Detroit  was  made  by  Miss 
May  Person  and  Miss  Avis  Sprague  of  the  Home  Economics  faculty  and 
su^ested  changes  pointed  out  which  would  improve  the  health  of  the  pupila 
and  secure  a  more  efficient  use  of  the  equipment  and  the  income. 

At  the  request  of  the  State  Board  of  Health  a  survey  was  made  of  the  Michi- 
gan State  PubUc  School  at  Coldwater  and  reconmiendations  made  regarding 
the  diet  of  the  children,  the  combating  of  under-nutrition  prevalent,  and  a 
constructive  educational  program  for  preventing  its  recurrence  advised. 

To  gain  further  home  experience  and  practical  application  of  the  theory 
studied  in  the  class  room,  the  juniors  and  sophomores  have  undertaken  a 
month's  project  in  foods  and  nutrition,  consisting  of  the  preparation  in  the 
home  of  family  meals,  construction  of  family  clothing,  nmnagement  of  the 
entire  household,  or  large  quantity  cooking  for  harvest  hands  and  hired 
help  on  the  farm.  All  family  marketing  is  to  be  done  by  the  student,  price 
lists  are  kept,  record  of  menus,  of  time  required  to  prepare  meals,  and  of  the  . 
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expense  iDcurred  are  made  and  submitted  as  part  of  the  report  of  the  project 
upon  their  retLU*n  to  the  College  in  the  fall. 

The  alumne  have  undertaken  the  earning  of  fifteen  hundred  dollars  to 
furnish  a  home  economics  practice  house  on  the  campus.  This  wilt  mean  a 
valuable  asset  to  the  training  of  .women  of  the  division  in  that  it  will  afford 
them  a  real  home  in  which  to  apply  the  theory  studied  in  the  classroom  and 
in  which  to  work  out  the  problems  of  home  management,  family  nutrition, 
house  fuinishing,  labor  saving  devices  for  the  home,  and  child  care. 

The  placing  of  club  "C,"  the  women  students'  boarding  club,  by  the  State 
Board  of  Agriculture  at  the  disposal  of  the  Home  Economics  division  to  be 
operated  as  part  of  resident  instruction  in  institutional  management,  gives  a 
splendid  opportunity  for  unusual  training  in  all  lines  of  large  quantity  cooking 
and  the  management  in  feeding  daily  six  hundred  persons. 

HOUSEHOLD  ARTS  DEPABTUENT. 

The  Household  Arts  courses  are  planned  to  train  young  women  to  be  better 
homemakers,  with  a  keen  appreciation  for  beauty,  economy  and  technical 
skill  involved  in  the  choice  and  making  of  clothing  and  the  choice  and  arrange- 
ment of  house  furnishings. 

A  number  of  changes  have  been  made  in  the  content  of  courses  which  have 
^ven  a  wider  range  to  the  subject  matter  offered  and  a  lai^er  field  of  appli- 
cation on  the  part  of  the  student. 

In  Household  Art  1,  Clothing,  the  freshmen  were  given  more  advanced  prob- 
lems this  year,  both  in  the  first  and  second  terms.  A  new  project  was  worked 
out  the  second  term.  Each  student  did  some  custom  work  which  consisted 
of  two  child's  garments  (girl's  and  boy's).  The  mother  of  the  children  selected 
the  ty^  of  garment,  but  consulted  with  the  student  on  choice  of  material, 
color  and  design  suitable  to  each  child.  The  course  gave  the  students  a 
broader  outlook  as  to  uses  of  household  art  training  outside  the  teaching 
field.  The  work  awakened  great  interest  among  the  students  in  the  business 
opportunity  in  opening  shops  for  malting  children's  clothing. 

The  work  in  Household  Art  3,  Textiles,  has  been  broadened  in  both  content 
and  appUcation.  A  study  of  raw  and  manufactured  fabrics,  chemical  effects 
of  laundrying,  household  and  physical  tests  for  identifying  fibres  has  been 
mads,  llie  students  are  required  tx>  make  exhibits  of  suitable  materials  for 
underwear,  children's  play  clothing,  women's  dresses  and  table  linen,  to  study 
the  use  of  deodorants  on  clothing  and  removal  of  stains,  field  trips  were  made 
through  woolen  mills,  carpet  factories  and  other  industrial  plants. 

In  house  furnishings  the  tatter  part  of  the  term  was  given  to  the  execution 
of  several  projects  in  actual  furnishing  or  remodeling  of  rooms  and  apart- 
ments.    The  students  chose  the  project  and  carried  out  the  problem  on 
limited  sums  to  meet  local  conditions. 
The  projects  included  were: 

1.  Furnishing  of  the  varsity  club  room,  gynmasium. 

2.  Remodehng  girls'  rest  room  on  $25. 

3.  Rearranging  and  furnishing  Y.W.C.A.  room  on  $30. 

4.  Rearranging  and  furnishing  of  small  apartment  on  $25. 

In  millinery  it  was  possible  to  increase  the  amount  of  work  accomplished 
and  to  give  students  some  preliminary  training  in  commercial  millinery,  the 
latter  line  of  work  was  especially  successful  in  the  maldng  of  hats  for  children. 

Advanced  Clothing,  problems  in  tailoring  and  individual  clotliing  project. 
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Tailoring  was  offered  spring  term  and  consisted  of  the  making  of  suits,  long 
coats  and  sport  coats  under  the  direction  of  an  experienced  tailor,  and  the 
choice  for  a  second  project  of  the  silk  dress,  an  advanced  problem  in  draping 
given  by  Miss  Margaret  Hoover  of  the  Mills  Dry  Goods  Company,  and  the 
making  of  illustrative  material  for  a  high  school  course  in  Household  Arts. 
This  choice  was  given  as  not  all  the  members  of  the  class  would  teach. 

Many  of  the  graduates  of  the  Home  Economics  divigions  do  not  wish  to 
teach  after  leaving  college,  and  it  is  the  aim  of  this  department  to  acquaint 
the  students  with  some  of  the  opportunities  which  are  open  to  women  in 
various  fields.  With  further  special  training  these  graduates  may  turn  to 
textile  chemistry,  costume  designing,  house  furnishing  or  trained  salesmanship. 

It  was  the  good  fortune  of  the  department  to  have  the  opportunity  to  direct 
some  classes  in  one  of  the  Lansing  clothing  stores  for  a  term  of  five  weeks. 
The  class  work  was  carried  on  by  two  senior  students  under  the  supervision 
of  the  educational  director.  It  is  felt  that  this  experience  has  brought  into 
closer  sympathy  the  merchants,  the  saleswomen,  the  college  instructors  and 
the  students,  also  that  it  is  the  beginning  of  a  much  larger  service  which  the 
College  can  give  to  its  graduates  who  are  interested  in  the  commercial  phase 
of  clothing.  Future  aims  are  to  establish  clothing  information  bureaus 
over  the  State.  There  is  a  great  demand  for  some  practical  knowledge  that 
will  enable  the  consumer  to  buy  intelligently  and  be  assured  of  value  received. 
It  is  the  desire  of  the  department  to  serve  the  people  of  the  State  by  giving 
out  information  in  the  testing  of  materials  and  su^estions  for  selection  and 
to  teach  the  use  of  the  budget  by  all  homemakers. 

An  effort  is  made  to  keep  in  touch  with  the  development  of  household  arts 
work  throughout  the  country.  The  faculty  are  at  present  interested  in  re- 
search problems  in  textbooks  and  courses  of  study,  with  the  hope  that  the 
results  may  aid  in  the  standardization  of  this  work  in  both  high  schools  and 
colleges,  also  some  of  the  problems  of  investigation  that  are  promoted  by  the 
committee  on  the  standardization  of  textiles  of  the  American  Home  Economics 
Association  are  being  worked  out  in  the  household  arts  classes  in  clothing. 

During  the  farmers'  week  of  1921,  February  1  to  5,  the  junior  clothing 
classes  of  the  Household  Arts  department  arranged  an  extensive  exhibit  for 
the  education  and  aid  of  the  shopper.  The  slogan  was:  "Do  You  Get  What 
You  Pay  For,"  and  the  exhibit  including: 

Shoes  and  stockings. 

Undergarments. 

Wash  dresses. 

Materials  for  service  dresses. 

Household  linens. 

attracted  much  attention  and  gained  favorable  comment.  A  table  fitted 
with  the  necessary  equipment  for  the  simple  home  test  of  fabrics  for  adulters^ 
tion,  tested  out  many  samples  of  materials  brought  in.  A  register  of  vidtors 
showed  an  attendance  of  over  two  thousand  during  the  week. 

BOUSEHOLD  SCIENCE  DEFA&TMENT. 

Some  changes  were  made  in  the  subject  matter  content  of  courses  in  house- 
hold science  and  in  the  niunber  of  lecture  and  laboratory  hours.  Advanced 
Cookery  and  Problem  Cookery  which  were  offered  fall  and  winter  terms  were 
not  repeated  spring  term  with  the  consent  of  the  faculty.  Household  Science, 
la,  Foods,  was  re-organized,  beginning  with  the  spring  term  and  planned  on  the 
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meal  basis  with  s.  closer  correlation  with  physiology,  physics,  bacteriology 
and  chemistry  and  the  application  of  scientific  principles  underlying  the 
preparation  of  food. 

Winter  term,  a  section  in  the  advanced  dietetics  course  as  part  of  their 
laboratory  practice,  fed  daily  twenty  ex-service  students  matriculated  in  the 
Vocational  Educational  department.  These  men  were  suffering  from  physical 
disability  due  to  nutritional  and  organic  disturbances  and  after  medical  diag- 
nosis with  cooperation  of  the  physician  consulted,  were  fed  by  the  students 
at  special  tables  in  club  "C".  Each  man  was  placed  on  a  diet,  adapted  to  his 
ailment,  prepared  by  the  class  during  laboratory  or  assigned  hours.  The  gains 
averaged  eight-tenths  pounds  per  man  per  week,  the  meals  were  furnished 
at  an  average  cost  of  thirty-one  cents  and  all  but  two  men  were  returned  to 
normal  weight  which  they  maintained  throughout  the  six  month  period.  The 
improvement  in  spirits,  ambition  and  morale  was  quite  as  remarkable  as 
the  physical  gains  made.  All  the  men  who  stayed  at  the  institution  were 
able  to  continue  their  work  although  when  coming  to  the  diet  class  they  had 
expected  to  have  to  leave  College  on  account  of  their  health.  The  splendid 
efforts  of  Professor  Hilda  Faust  made  this  undertaking  successful. 

It  is  a  matter  of  satisfaction  that  this  work  received  the  recognition  of  the 
Federal  Board  of  Vocational  Education  and  was  made  the  basis  for  recom- 
mendation to  other  institutions  to  take  similar  care  of  their  disabled  ex-serv- 
ice men. 

Another  section  of  the  class  in  February,  established  a  nutritional  clinic  at 
the  Foster  street  public  school  of  Lansing.  Thig  type  of  work  had  been 
planned  by  Assistant  Professor  Person  and  Dean  Edmonds  before  the  latter's 
retirement,  but  was  delayed  in  being  carried  our  until  the  winter  term.  The 
clinic  children  were  chosen  from  a  selected  group  who  were  designated  as  out- 
standii^ly  anemic.  The  class  had  to  be  met  after  school  hours,  all  food 
was  prepared  at  the  College  and  carried  in  baskets  to  the  school  by  the  home 
economics  students,  the  interest  and  enthusiasm  of  the  children  maintained, 
and  the  cooperation  of  the  parents  secured.  It  is  a  tribute  to  the  tireless 
effort,  the  insight  and  knowledge  of  Professor  Person  and  her  students  that 
a  hundred  per  cent  attendance  was  maintained,  256  per  cent  gain  in  weight 
over  normal  was  averaged,  and  that  before  the  close  of  the  winter  term,  two 
other  clinics  had  been  requested  by  the  City  Board  of  Health  and  the  prin- 
cipal of  the  Cedar  street  school.  At  all  these  clinics  the  senior  students  with 
the  active  cooperation  of  Dr.  Humphrey  of  the  Lansing  Board  of  Health, 
Miss  Hull  of  Public  Health  Nursing,  Miss  Brown  of  the  Social  Service  Center, 
and  the  principals  of  the  schools,  did  the  weighing,  measuring  and  instruction 
in  use  of  foods,  food  and  health  habits,  made  all  charts  and  kept  records. 
The  gain  to  the  student  in  having  the  responsibility  placed  upon  her  was 


The  spring  term,  the  General  Faculty  having  given  permission,  four  lines 
of  field  work  were  opened  up  as  a  development  of  the  advanced  dietetics 
consisting  of  nutrition  clinics,  hospital  dietetics,  visiting  housekeeping  and 
feeding  of  disabled  soldiers.  The  equivalent  of  four  laboratory  hours  were 
spent  in  each  section  and  one  conference  hour.  The  opportunity  for  training 
in  hospital  dietetics  was  made  possible  by  the  cooperation  of  Mrs.  Harry 
Person,  superintendent  of  Sparrow  Hospital,  in  visiting  housekeeping  by  the 
cooperation  of  Miss  Ruth  Bowen  of  the  Social  Service  Center.  Four  addi- 
tional clinics  were  requested  by  the  Board  of  Health  at  the  Logan  street 
school,  making  a  total  of  seven  clinics  operated  during  the  spring  term. 
U 
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Twelve  students  enrolled  ip  hospital  dietetics  and  spent  their  laboratory  houra 
at  Sparrow  Hospital  working  under  the  direction  of  Professor  Faust. 

Five  students  took  visiting  housekeeping,  first  doing  case  work  with  fud 
of  social  worker,  later  having  assigned  to  them  a  special  family  as  a  problem. 
In  every  case  wiser  use  of  the  family  income  was  planned,  mother  was  assisted 
in  making  family  clothing,  buying  and  cooking  of  food,  planning  meals. 
Professor  Person  is  responsible  for  the  excellent  manner  in  which  this  course 
was  developed. 

The  feeding  of  the  ex-service  men  continued  during  the  spring  term. 
Students  were  made  entirely  responsible  for  piucbase,  preparation  and  serving 
of  food,  each  student  talung  man^^rial  authority  for  one  month.  New 
men  were  added  as  for  various  reasons  some  left  college  and  the  problems 
were  continually  changed.  This  course  continued  under  the  supervision  of 
Professor  Faust. 

The  course  in  Institutional  Management  was  greatly  enlarged  and  during 
the  winter  term  the  laboratory  was  given  in  cooperation  with  club  "C", 
food  being  prepared  by  the  class  for  club  "C".  During  the  spring  term  an 
additional  course  in  large  quantity  cooking  was  offered .  Students  took  charge 
of  the  high  school  lunch  at  East  Lansing,  planning,  preparing  and  serving 
the  food.  Other  students  did  six  hoiu^  field  work  per  week  in  commercial 
cafeterias,  tea  rooms  and  high  school  lunch  rooms  of  Lansing,  the  purpose 
of  which  was  to  acquaint  them  with  procedure,  methods  and  standards  of 
commercial  concerns.  Weekly  reports  were  made,  conferences  held  and 
lectures  given.  The  large  quantity  cookery,  through  the  cooperation  of 
Mrs.  James  of  Wells  Hall,  prepared  some  articles  of  food  for  two  hundred  at 
each  laboratory  period.  This  was  done  without  cost  to  the  division.  Many 
graduates  upon  leaving  the  College,  are  called  upon  to  conduct  school  lunches 
in  connection  with  then-  work,  and  it  is  very  important  that  they  understand 
the  management,  financing  and  the  preparation  of  food  so  as  to  take  care  of 
the  health  of  hundreds  of  cliildren. 

HOHE  ECONOMICS  EnUCATION. 

The  practice  teaching  work  done  in  the  East  Lansing  high  school  has  greatly 
improved.  The  students  have  been  given  more  responsibility  in  planning 
the  project  during  their  teaching.  Each  student  has  taught  larger  number  of 
lessons,  and  next  year  each  practice  teacher  wilt  teach  a  minimum  of  thirty- 
six  lessons.  Work  has  been  started  this  year  in  the  eighth  grade  and  next 
year  will  be  introduced  into  the  seventh  grade.  The  regular  senior  high 
school  classes  will  meet  five  days  a  week  next  year  instead  of  three  a  week  as 
at  present. 

Next  year  practice  teaching  in  clothing  and  foods  will  be  done  at  rural 
schools,  the  students  having  complete  charge  of  the  course. 

A  school  lunch  was  started  last  fall  and  was  carried  on  by  the  students 
doing  practice  teaching,  so  they  had  some  experience  in  school  lunch  manage- 
ment. This  lunch  was  taken  over  by  the  class  in  institutional  management 
during  the  spring  term  due  to  lack  of  time  in  schedule  of  the  student  doing 
practice  teaching. 

The  course  in  Special  Methods  has  steadily  improved  and  by  being  offered 
every  term,  makes  the  classes  smaller  so  that  much  more  intensive  work  can 
be  done. 

All  the  work  which  has  been  accomplished  during  the  year  in  the  Home 
Economics  division  has  been  made  possible  through  the  magnificent  spirit  of 
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cooperation  and  through  the  conscientious  service  of  the  members  of  the  Home ' 
Economics  faculty,  and  through  the  general  spirit  of  helpfulness  and  interest 
manifested  by  other  divisions  and  by  all  the  departments  of  the  College,  and 
for  which  I  wish  to  make  grateful  acknowledgment. 
Respectfully  submitted, 

MARY  E.  SWEENEY, 

Dean  of  Home  EconomicB. 
East  Lansing,  Michigan,  June  30,  1921. 


REPORT  OF  THE  DEAN  OF  WOMEN. 

President  Frank  S.  Kedzie, 

East  Lansing,  Michigan. 
My  dear  President  Kedzie : 

Permit  me  to  present  the  following  report  of  the  Department  of  the  Dean 
of  Women. 

Fifty-eight  freshmen  have  been  domiciled  in  Abbot  Hall  under  the  super- 
vision of  Mrs.  Caroline  Lewerenz;  sixty  freshmen,  in  Howard  Terrace  under 
the  supervision  of  Miss  Emily  Jones.  Waterbury  House,  College  Cottage, 
and  College  Residence  have  boused  respectively  twenty-six,  eighteen  and 
fourteen  young  women  sophomores.  Mrs.  Sallie  Katz,  Mrs.  Herbert  Mur- 
dock  and  Mrs.  N.  L.  Eastman  have  been  in  chaise  of  these  dormitories. 
The  policies  which  have  proved  satisfactory  in  these  five  dormitories  will  be 
continued  the  coming  year.  Mrs.  May  Stoner  Clay,  who  has  been  absent 
for  a  year,  will  return  to  us  in  September  as  house  mother  at  Howard  Ter- 
race. 

Senior  House,  which  has  been  used  as  a  practice  house  for  eighteen  senior 
mrls  under  the  supervision  of  Mrs.  Mildred  Osband,  will  become  a  dormitory 
for  sophomore  girls;  the  senior  girls  will  have  a  smaller  bouse  upon  the  campus. 
In  the  Womans  Building,  eighty-five  girls  have  had  rooms. 

The  health  of  the  young  women  of  the  College  has  been  noticeably  good 
during  the  past  year,  there  having  been  but  a  very  few  isolated  cases  of 
ilbess. 

The  matter  to  which  I  wish  particularly  to  call  your  attention  is  the  pro- 
gress made  by  the  students  in  self-government  during  the  past  two  years. 
All  women  students  are  members  of  the  Womans  Self-Goveming  Association. 
They  elect  their  own  officers  and  administer  the  government  through  a 
council  in  each  of  the  dormitories.  While  self-government,  as  at  present 
administered,  has  some  weaknesses,  it  is  the  most  effective  means  of  training 
our  yoimg  women  for  future  usefulness,  as  well  as  the  most  effective  means 
of  administering  i^scipline  with  the  present  day  young  women.  Great  credit 
should  be  given  Miss  Dorothy  Curts  for  the  wisdom  and  the  faithfulness 
with  which  she  has  met  the  duties  of  President  of  the  Council. 

I  wish  to  express,  my  sincere  appreciation  of  the  tact  and  the  hearty 
cooperation  shown  by  the  house  mothers  in  meeting  this  new  problem 
of  self-^vemment.  I  wish  to  express  my  sincerest  appreciation  of  the 
interest  and  help  you  have  unfailingly  given  to  the  solution  of  the  prob- 
lems of  the  young  women  students. 

Very  respectfully  yours, 

EUDORA  H.  SAVAGE,    oOqIc 
Dean  of  Women.o 
E^t  Lansing,  Michigan,  June  30, 1921. 
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ANNUAL  REPORT  OF  THE  DEPARTMENT  OF  TEACHER 
TRAINING. 

President  F.  S.  Kedzie. 

Dear  Sir: 

Personnel  of  the  department : 

Walter  H.  French,  Professor. 

Mary  E.  Sweeney,  Professor. 

E.  Lynn  Grover,  Associate  Professor. 

Ellizabeth  J.  Fraaer,  Associate  professor. 

Josephine  Hart,  Assistant  professor. 

The  Department  of  Teacher  Training  has  charge  of  presenting  the  coursea 
in  education,  and  directing  the  practice  teaching  for  those  who  are  preparing 
to  teach  agriculture  and  home  economics. 

The  courses  in  education  for  teachers  of  agriculture  are  as  follows: 
Education  4.     Educational  psychology. 
Education  5.     General  methods  and  school  demonstration. 
Education  6.    Special  methods  in  teaching  agriculture. 
Education  6a.  Practice  teaching. 

The  courses  for  women  are : 
Education  1 .     Psychology. 

Education  la.  Special  methods  in  home  economics. 
Education  2.    General  methods  and  school  management. 
Education  3.    History  of  education. 
Education  3a.  Practice  teaching. 

During  the  year  59  men  in  the  Agricultural  division  have  taken  the  courses 
in  education.  This  number  included  a  part  of  the  senior  class  in  agriculture 
and  part  of  the  junior  class  in  agriculture.  Forty-four  seniors  completed  the 
courses  in  education  and  practice  teaching  and  received  licenses. 

Sixty-eight  women  entered  the  courses  of  education  for  the  fall  and  winter. 
These  young  women  were  mostly  juniors.  For  the  spring  term  there  were 
forty-eight  young  women  all  of  whom  were  seniors.  Thirty-seven  senior 
women  were  graduated  and  granted  vocational  certificates  to  teach  home 


This  department  operates  under  the  provisions  of  the  federal  law,  known 
as  the  Smith-Hughes  law,  and  the  young  men  and  women  will  teach  for  the 
most  part  in  the  schools  operating  under  the  said  federal  law.  The  purpose 
of  vocational  departments  of  the  pubHc  schools  is  to  give  an  opportunity  for 
direct  training  along  vocational  lines  and  so  far  as  we  are  concerned,  we 
prepare  for  the  vocations  of  agriculture  and  home  making.  The  annual  report 
of  this  department  will  show  the  courses  given  and  the  expenses  connected 
with  the  administration  of  the  department.  The  total  expense  of  the  de- 
partment for  the  year  for  instruction,  travel  and  incidental  expenses,  is  approx- 
imately S  14,000. 

Practically  fifty  per  cent  of  the  public  schools  in  Michigan  teaching  courses 
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in  home  economics,  employ  graduates  of  the  Michigan  Agricultural  College. 
At  the  present  time  there  are  sixty-five  schools  giving  vocational  courses  in 
agriculture  and  these  are  all  handled  by  graduates  of  this  institution.  The 
young  men  who  complete  the  courses  in  education  do  not  all  enter  the  pro- 
fession of  teaching.  Many  of  them  are  our  most  successful  county  agents. 
Others  occupy  managerial  positions  and  others  are  professional  specialists 
in  agricultural  work.  The  same  may  be  said  of  the  young  women  who  grad- 
uate in  home  economics,  A  portion  of  them  teach,  but  many  of  them  become 
dietitians,  nurses,  specialists  in  agricultural  chemistry  and  commercial 
chemistry,  and  all  of  them  arc  taking  important  places  and  doing  important 
work  in  the  service  of  the  community. 

Respectfully  submitted, 
W.  H.  FRENCH, 

Director. 
East  Lansing,  Michigan,  June  30,  1921. 


REPORT  OF  THE  DIVISION  OF  VETERINARY  SCIENCE. 

F.  S.  Kedzie, 

East  Lansing,  Michigan. 
Dear  President  Kedzie: 

Herewith  I  present  the  11th  annual  report  of  the  Division  of  Veterinary 
Science. 

No  changes  in  the  personnel  of  the  Veterinary  divi^on  have  occurred 
during  the  year  just  closed;  however,  some  changes  in  organization  and  dis- 
position of  work  is  planned  for  the  coming  year.  There  has  been  the  best 
of  cooperation  among  the  faculty  and  I  wish  to  express  my  appreciation  for 
its  helpful  attitude. 

The  meeting  of  the  American  Veterinary, Medical  Association  which  oc- 
curred August  23rd  to  27th,  1920,  was  attended  by  Drs.  Chamberlain,  Hall- 
man,  Button,  Runnells  and  Sales.  The  program  was  excellent  and  much 
good  was  derived  therefrom. 

The  meeting  of  the  Michigan  State  Veterinary  Medical  Association  weis  held 
at  the  College,  February  8th  and  9th,  1921,  with  a  record  attendance  at  this 
meeting.  Dr.  R,  A.  Runnells  was  elected  secretary  of  the  Association,  it  is 
hoped  that  we  can  do  much  to  assist  the  development  and  usefulness  of  the 
Association  to  the  profession. 

The  meeting  of  the  United  States  Live  Stock  Sanitary  Association  at  Chi- 
cago, November  28th  to  December  2nd  was  attended  by  Drs.  Chamberlun, 
Hallman,  Hutton  and  Runnells.  This  meeting  also  was  instructive  and 
helpful.  Several  local  association  meetings.  Central  Michigan,  Michigan- 
Ohio  and  Southeastern  have  been  attended  by  members  of  the  faculty  who 
have  taken  part  in  their  programs. 

Just  recently,  June  23rd  to  25th,  inclusive,  the  Veterinary  division  has 
cooperated  with  the  State  Bureau  of  Animal  Industry  in  staging  a  short 
school  of  instruction  to  assist  veterinarians  in  preparing  for  the  federal  exam- 
ination held  at  the  College,  June  25th.  The  school  was  well  attended  (300) 
and  we  believe  much  was  accomplished  in  developing  sympathy  between  the 
College  and  the  profession  and  in  advertising  M.  A.  C.  throughout  the  profes- 
sion of  the  State. 
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Attempts  to  increase  the  student  enrollment  last  year  in  the  Veterinary 
course  were  futile;  three  freshmen  enrolled  but  two  of  them  dropped  out, 
two  others  transferred  to  the  sophomore  class  from  other  courses.  'Die  small 
enrollment  of  freshmen  in  the  Veterinary  course  is  not  a  local  condition  but 
obtains  in  all  veterinary  schools  in  North  America.  The  following  table 
prepared  by  Dean  White  of  Ohio  State  College  elucidates  that  point. 
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The  above  should  not  preclude  the  ^'eterinary  course  at  this  College  but 
implies  a  greater  duty  to  encourage  men  to  take  up  the  veterinary  course  of 
study. 

In  Jfmuary  as  of  the  class  of  1920,  Mr,  A.  C,  Masten  was  graduated  and 
June  15th,  1921,  the  following  men  received  the  degree  of  D.V.M. 

Mr.  R.  E.  Bergman. 
Mr.  H.  P.  Conrad. 
Mr.  0.  W.  Dwyer. 
Mr.  X.  B.  Shaffer! 
Mr.  George  Thomas. 
Mr.  Asa  Winter. 

The  above  men  will  enter  private  practice  with  possibly  one  exception. 
The  small  graduation  of  veterinary  students  is  already  evident  in  a  greater 
number  of  vacancies  in  veterinary  practice. 

DEPAETMENT  OF  ANATOMY. 

The  work  of  this  department  has  been  handled  by  Drs.  Chamberlain  and 
Johoson.  The  former  has  given  courses  in  Poultry  Anatomy  in  connection 
with  poultry  courses  3  and  4  and  has  been  in  charge  of  the  Veterinary  division. 
The  following  table  gives  an  outline  of  the  work  done. 
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The  housing  coudition  for  work  in  anatomy  has  not  changed  from  that  of 
laat  year.    More  microscopic  sUdes  and  specimens  of  the  chick  have  been 

Erepared.  The  courses  in  Histology  and  Ikobryology  {anatomy  3a,  3b  and  4) 
ave  been  opened  to  students  of  the  home  economicB,  agriculture  and  applied 
science  courses  thus  enabling  them  to  more  fully  complete  their  training  for 
laboratory  work. 

OEPARTUENT  OF  VETERINART  MEDICINE  AND  PHARMACOLOGY. 

The  courses  in  Veterinary  Medicine  and  Pharmacology  have  all  been 
handled  by  Dr.  Taylor  for  the  last  year  except  Medicine  5  (jurisprudence) 
which  was  very  ably  handled  by  Judge  L.  W.  Carr. 

The  following  table  represents  the  work  of  this  department. 
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VETEHINARY  I 


PHARMACOLOGY. 


Term, 

..S„t 

CredltB. 
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wry. 
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10 
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60 

10 
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» 

11 

1 

12 

23 

■ 
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Term. 

No.  ot 
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Credits. 

Leclures. 
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tory. 

Total  dMB 
hours. 

Fall: 

7 

3 

38 

24 
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8 

84 

24 

Winter: 

6 
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3 

36 

Spring: 

7 

3 

i 

24 

T  tal 

=. 

,. 
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168 

77 

37 
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n 

VETERINARY  SCIENCE. 


The  Veterinary  Science  for  agricultural  and  short  course  students  has  been 
handled  as  of  last  year  by  Dr.  E.  K.  Sales  who  haa  also  given  the  subject 
Zootechnics  to  veterinary  students.  The  following  table  illustrates  the  work 
with  these  subjects. 
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VETERINARY  SCIENCE. 


TBrm. 

No.  ot 

Credits. 

-"- 

Labora- 

''t^u^ 

FftU; 

22 

S 

60 

"ifSlwU^o.^  

17 

. 

60 

Sprins: 

.. 

. 

60 

Qr»nd  totlil 

S3 

15 

180 

ZOOTECHNICS. 

Term. 

No.  of 

MudenlB, 

Credits. 

-"» 

Lftbora- 

tory. 

Total  tlaaa 

Winter: 

3 

24 

24 

This  year  in  the  shuffle  of  courses  several  changes  in  the  veterinary  curri- 
cula have  occurred  thus  permitting  a  strengthening  of  the  course  in  Animal 
Husbandry. 

See  report  of  Departments  of  Surgery  and  Pathology  for  an  account  of 
work  in  respective  departments. 

Respectfully  submitted, 

F.  W.  CHAMBERLAIN, 

Acting  Dean. 
East  Lansing,  Michigan,  June  30,  1921. 


REPORT  OP  THE  DEPARTMENT  OF  ANIMAL  PATHOLOGY. 

President  F.  S.  Kedzie,' 

East  Lasning,,  Michigan. 
Dear  Mr.  President: 

I  herewith  submit  report  of  the  Department  of  Animal  Pathology  for  the 
year  ending  June  30, 1921. 

The  class  work  for  the  past  year  is  as  follows: 

Pathology  2a.       Fall  term,  5  hours  per  week,  7  students. 

Winter  term  10  hours  per  week,  8  students. 
Winter  term  graduate  work  (minor)  2  students. 
Spring  term,  4  hours  per  week,  7  students.  I'ltiolp 


Pathology  1. 
Pathology  100. 
Pathology  2b. 
Pathology  2 


Spring  term,  5  hours  per  week,  7  students. 


Veterinary  science,  short  course,  16  lectures,  15  students. 
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Dr.  Eutuiels  has  had  charge  of  Pathology  2a  and  2b  and  3,  autopsy  work, 
examination  of  tissues  sent  to  the  laboratory,  and  class  work  for  short  course 
students.  To  him  is  also  due  the  credit  for  the  splendid  exhibit  put  on  by 
the  department  at  the  state  fair  and  during  Farmer's  Week  at  the  College. 
The  major  part  of  the  writer's  time  was  spent  on  his  studies  of  the  diseases  of 
the  reproductive  organs  in  cattle.  The  results  of  this  work  will  be  found  in 
his  report  to  the  Director  of  the  Experiment  Station. 

During  the  year  we  have  held  autopsies  on  two  horses,  seventeen  head  of 
cattle,  twenty-three  swine,  eight  sheep,  eight  dogs,  three  cats,  one  fox  and 
one  rabbit,  one  hundred  twenty-nine  chickens,  four  doves,  four  pheasants, 
two  turkeys,  one  peafowl,  one  duckling. 

Among  these  we  have  recorded  the  following: 

Horse,        Canker  of  feet 

Chronic  hypertrophic  enteritis 

Calf,  Acute  tympany 

Acute  parenchymatous  hepatitis 

Cow,  Fracture  shaft  of  right  ileum 

Calf,  Monstrosity 

Necrobacillosis  larynx , 

Peritonitis 

Cow,  Pyemia , , 

Septicemia 

Tuberculosis 

Sheep,        Dietary 

Forage  poisonii^ 

Pneumonia,  chronic  indurative , 

Peritonitis 

Swine,        Acute  fibrinous  pericarditis 

Acute  intestinal  intoxication 

Acute  parenchymatous  hepatitis  with  necrosis 

Chronic  parenchymatous  nephritis 

Colitis 

Cholera 

Dietary 

Intestinal  ascariasis 

Ruptured  stomach 

Verminous  pneumonia 

Dog,  Acute  intestinal  intoxication 

Canine  distemper  and  demodex  mange 

Intussusception,  small  intestine ; 

Peritonitis 

Thrombosis,  jugular  vein 

Ulcerative  stomatitis  and  ulcerative  enteritis 

Cat,  Intestinal  helminthiasis 

Fox,  Uncinariasis 

Rabbit,      Acute  lobar  pneumonia 

Chicken,    Avian  diphtheria 

Acute  intestinal  intoxication 

Acute  phlegmonous  ventriculitis 

BaciUary  white  diarrhea i: 

Coccidiosis tD-O* 

Contagious  epithelioma 
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Dietary  trouble 8 

Enteritis 4 

Intestinal  helminthiasis 6 

Pneumonia 3 

Rupture  of  liver 1 

Sarcomatosis ." 4 

Suffocation  due  to  mechanical  obstruction 1 

Tuberculosis 24 

Ulcerated  vent 1 

Pheasant,  Tuberculosis 4 

Pea  fowl,   Entero  hepatitis 1 

Turkey,     Entero  hepatitis 2 

Dove,         Ruptured  spleen 1 

During  the  year  we  have  received  for  examination,  specimens  from  ninety- 
nine  animals,  sent  to  the  laboratory  by  veterinarians  and  live  stock  owners. 
On  account  of  improper  preparation  and  packing  much  of  this  material  reaches 
us  in  such  a  condition  that  a  diagnosis  cannot  be  made.  Out  of  this  material 
we  have  recorded  the  following  cases. 


Horse,      Alveolar  sarcoma,  pharynx 

Intestinal  strongylosis 

Perithelioma,  tail 

Cow,         Actinomycosis 

Calf,         Acute  parenchymatous  hepatiitis 

Cow,        Chronic  interstitial  nephritis  and  cystitis. 

Fibroma,  va^na 

Malignant  catarrhal  fever 

Melano  sarcoma 

Necrobacillosis 

Necrotic  pneumonia 

Purulent  pneumonia 

Pseudo  leukemia 

Tuberculosis 

Calf,         Sarcomatosis,  spleen  and  Hver 

Sheep,      Hemorrhagic  septicemia 

Necrobacillosis 

Nodular  disease 

Swine,      Catarrhal  pneumonia 

Fat  necrosis 

Fatty  infiltration  liver 

Hematoma 

Swine,      Hemorrhage  enteritis 

Hydronephrosis 

Melano  sarcoma,  nose 

Pustular  dematitis 

Suppurative  hepatitis 

Tuberculosis 

Dog,        Acariasis 

Eczema 

Sarcoptic  scabies 

Cat,         Eczema 

Necrobacillosis  (larynx) 


92  STATE  BOARD  OF  AGRICULTURE. 

Fox,  Acute  gastro  intestinal  intoxication 1 

Rabbit,    Lobar  pneumonia 1 

Chicken,  Hematoma  of  breast 1 

Pneumonia 1 

Sarcomatosis 5 

Tuberculdsis 10 

Turkey,    Infectious  entero-hepatitis 1 

Respectfully  submitted, 

E.  T.  HALLMAN, 
Associate  Professor  of  Animal  Pathology. 
East  Lansing,  Michigan  June  30,  192L 


REPORT  OF  THE  DEPARTMENT  OF  SURGERY  AND  CUNIC. 

President  F.  S.  Kedzie, 

East  Lansing,  Michigan. 
Dear  President  Kedzie: 

I  hereby  submit  my  fourth  annual  report  of  the  Department  of  Surgery 
and  Clinic  for  the  fiscal  year  ending  June  30,  1921.  The  recitation  and  labor- 
atory work  of  the  department  has  been  handled  entirely  by  Dr.  Sales  and 
myself.  The  ambulatory  clinic  has'been  handled  by  Dr.  McKercher  and  in 
a  very  able  manner.  In  addition  to  the  regular  work  of  the  department  we 
have  given  instruction  in  Zootechnics  1  and  Veterinary  Science  2a,  2b  and  2c, 
which  is  elective  for  agricultural  and  forestry  courses. 

The  instruction  work  for  the  year  together  with  a  tabulated  report  of  the 
medical  and  surreal  incases  and  medical  and  surgical  ambulatory  clinicB  is 
given  in  the  following  tables. 


F>lit«iii. 

Wmtatam. 

Bptim  (am. 

SubJKl. 

1^ 

1, 

i! 

1 

n 

1' 

i! 

4 

4 

' 

* 

4 

IS 

U 

IS 

3 
2 

2 

s 

> 

» 

S 

aui 

,. 

23 

IS 

32 

-' 

my 

DEIPARTMENT  EEPORTS. 


Me<lio>I(«a. 

1 

i 

1 

1 

1 

J 

1 

IS 

' 

Broicliitii 

3 

IS 

1 

1 

8 

1 

T 

1 

' 

1 

, 

1 

3 

> 

3 

1 

■! 

K 

I 

1 

1 

10 

Z 

3 

3 

I 

2 

• 

I 

3 

11. 

4 

4 

a 

1 

" 

„. 

« 

i» 

3 

141 

• 

^ 

cb,  Google 


STATE  BOARD  OP  AGRICULTURE. 

A  TABULATED  REPOKT  OP  THE  AMBULATORY  CUNIC. 
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DEPARTMENT  REPORTS. 

A  TABULATED  REPORT  OF  THE  AMBULATORY  CLINIC— CodcIuiImI. 
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The  total  number  of  medical  and  surgical  hospital  cases  treated  during  the 
past  year  was  631. 

The  total  number  of  medical  and  surgical  ambulatory  cases  treated  nua 
1,069.  This  gives  us  a  grand  total  of  1,690  cases  treated  by  the  departiuint 
during  the  past  year,  out  of  this  number  414  were  horses,  517  were  cattlf, 
132  were  sheep,  14  were  hogs,  495  were  dogs,  35  cats  and  93  chickens.  The 
number  of  cases  treated  by  the  department  together  with  the  large  variet,.\* 
of  material  available  for  instruction  purposes  has  been  very  satisfactory. 
Respectfully  submitted, 

JOHN  P.  HUTTON, 
Associate  Professor  of  Surgery  and  Clinic. 
East  Lansing,  Michigan,  June  30,  1921. 


REPORT  or  THE  REGISTRAR. 

Preadent  F.  S.  Kedzie, 

East  Lansing,  Michigan. 
Dear  Sir: 

I  have  the  honor  to  jjrcsent  the  following  report  of  the  Repstrar's  Office 
for  the  year  ending  June  30,  1921. 

In  the  regular  college  courses  the  enrollment  for  the  year  is  as  follows: 

Agriculture  and  forestry 565 

Engineering 523 

Home  economics 372 

Veterinary 25 

Total 1,485 

Summer  school 263 

Graduate  course 11 

Total '. .       274 

Short  courses: 

Two-year,  sixteen-week's  course  in  agriculture 154 

Two-year,  eight  weeks'  course  in  agriculture 66 

Eight  weeks'  course  in  farm  mechanics 18 

Four  weeks'  course  in  poultry 25 

Eight  weeks'  course  in  dairy  manufacture 16 

Eight  weeks'  course  in  dairy  production 12 

Eight  weeks'  course  in  horticulture 20 

Two  weeks'  course  in  cow  testing  and  dairy  bam  man- 
agement   19 

Two  weeks'  course  in  ice  cream  making 19 

Four  weeks'  course  in  truck  and  tractor .  .    161 

Total 510 

Total  in  all  courses 2,269 

Names  repeated 233 

N«t  total , 2,036 
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CKUUKAl'illCAL  DISTRIBUTION  OV  HTUDLINTH, 


AltQIUl ^1 

Alpena.;!:'!:!!!!!!!!!  0 

Barag*!!!!!!!!!!!!!!!!  3 

Bay"!*!',!!!. !!!!!!!!!!!!  12 

Benzie 14 

Berrien 30 

Branch 18 

Calhoun 23 

Caaa 13 

Charlevoix 6 

CheboyKan 3 

Chippewa 0 

Clinton'.!!!!!!!!!!!!!!!  lo 

Delia 12 

Eaton '.','!!!!!!!!!!!  2* 

Emmott S 

Genesee 4a 

Gladwin; 3 

Gogebic 3 

Grand  Traverse 17 


g&tr';:!!!! 

19 

Mackinac 

3 

Missaukee 

Monroe. 

Montcalm 

Montmorency. . . 

Muskegon 

Newaygo 

Oakland 

Ogomavf 

Ontonagon 

0»ceola 

Ottawa 

Presque  Isle. ,. . . 

Itoscornmon 

Saginaw 

St.  Joseph 

Sanilac 

Schoolcraft 

Shiawassee-.' .  - . 
Tuscola 

Washtenaw 

Wayne 

Wosrord 


Alaban 

a  Mhidr.' 
Ilfornl  - 

Connecticut. . 
Delaware; . . . 

»■;:::::: 

lUhiols 


Indiana. 

Massachusetts. 

Minnesota 

New  Jersey 

New  York 

Ohio !!!!!! 

Oklahoma 

Pennaylratda 

rblUpplne  Islands. . . 


South  Dakolu. . . 
South  Carolina. , 
Teiaa 

Virginia,'.'.'!!!!' 
Washington,  1).  C 

West  Indies 

West  Virginia. , . 
Wisconsin 


STUDENTS  ENTERING  DURING  THE  YEAIt  1820-1921. 

Nimiber  enrolled. 

Agricultural  and  (oreatry  course lOa 

Engineeriog  course 199 

Home  economics  course 152 

Veterinary  medicine l 

Graduate  students 3 

Total 547 

Preparation. 

Graduates  of  accredited  high  Bchoola , 4yi 

High  school  credits  and  examinations. , .  4 

Credits  from  other  colleges R2 

Total 547 
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DEGREES  GltANTi:i»  JL* 


Bttchplor  of  Science. 


0,  SBriculture:  e.  ensine 

Henry  Richard  Aitams,  a. 
Harold  Dayton  Allen,  a. 
Egnar  RleTred  AnderiUin.  e. 


Karl  DfSnor  Bailey,  a. 
Morris  Joecpti  IJalilwtn,  e. 
Elton  Elmer  Hall.  a. 
William  Rons  Barfcer.  a. 
John  Oral  Barkwell,  e. 
John  Kaaton  Barr.  e. 
Oscar  Blchafd  Deal,  e. 
Mareuerlte  B4;rk.  h. 
Lester  I.eonsrd  Hellz,  e, 
Leonard  Perry  Benjamin,  a. 


Mildred  May  lien 


HovHd  Neuman  Chanel,  a. 
Cbrlstos  Demelrlus  C'tiiletaull 
Ralph  Raymond  Clark,  e. 
William  James  Clencb.  a. 
Ralph  Byera  Coulter,  a. 
Olela  Nancy  Caverdale.  h. 
Dorolhy  Irene  Conin.  h. 
Catherfne  AueuRta  Craig,  h. 
Wayne  Irving  Cr«mpton,  a, 
Laura  KuletC  Crlsaman,  h, 
Guy  Edward  Culver,  a. 
Dorothy  Bunnell  Curllss,  h. 
Dorothy  Elizabeth  Cutts,  li. 
John  Sumner  Cutler,  a. 
George  Feanon  Davis,  a. 
Arthur  Ray  Delamarter,  a. 
Deuell  Erwln  Devereaux.  e. 
Paul  Eugene  Donnelly,  a. 
John  Bernard  Donovan,  e- 
flrvlllB  Fjlmnnl  Duu'-liol  n 


George  Ludwlg  FIck.  a, 
Herbert  West  Flnnlgan,  c. 
Jane  Irene  Filch,  h. 
Herman  Eugene  Frank,  a. 
Charles  Lester  FrankenBeld,  t 
,Kennelb  Stephen  Frazler,  e. 
Herbert  Alfred  Freeman,  e. 
Stanley  Gaylord  Gelaler,  a. 

Frank  Hetuy  bettel,  a. 
Leopold  Paul  Glnter.  r. 
Druce  Francis  Gleason,  e. 
Louis  Goldberg,  a. 
Robert  Fltzpalrlck  Gray,  e. 
Jamea  Gordon  Halii,  a. 


Hania  Flarl  Hemans,  e. 
t'red  I.*wls  Hendrlck.  e. 
Laura  Kllen  Hoover,  h. 


Lc  economics ;  f ,  forestry. 

Carl  Mead  Horn,  a, 
Beatrice  Winifred  Hoiuner,  h. 
I.eonard  Daniel  Hoisle.  a. 
fYank  Sheridan  Jacobs,  e, 
Raymond  Francis  Jessup,  a. 
Frank  Augiisuin  Johnson,  e. 
Walter  Franklin  Jones,  (. 
I.«anore  Kenny,  h, 
Raymond  Clarence  Kinney,  e, 
Hugh  Alexander  KItson.  a. 
Henry  Jacob  Kurtz,  e. 
Ferris  Himt  LaCore,  a. 
Harlow  Emerson  Lalng,  a. 
EUlH  Hobtfft  I*nc«ahlre,  a. 
Theodore  Latham  Leach,  a. 
Paul  Hercules  Lemon,  e. 
Richard  John  LIddlcoat,  e. 
Tauge.  Gust  Llndquist.  a. 
Lester  Carl  Lunden,  a. 
Horvey  Augustua  Lyon,  a. 
Pearl  Marie  McCamb,  h. 
Paul  Hughes  McCoy,  a. 
Forest  Rees  McFarlaDd.  e. 
Carol  MocgreKor,  a, 
Bruce  Orlando  McKIm,  a. 
Hoy  MocGlennon  Majlland.  e 
Wesley  l>iUei  Malloch,  e. 
Stanley  J.  Marsden.  a. 
Clayton  Elmer  MarshaU,  B. 
Arthur  Dealer  Manln,  a. 
Ernest  Dancla  Menkee,  e. 
Delia  Marie  Meirlman,  h. 
Erie  Nelson  Melien,  e. 
Gertrude  Eliza  Meyer,  h. 
Frances  Helen  Moak.  h. 
Earl  Raymond  Morrow,  e. 
Dale  Talroage  Muasabnan,  a. 
Russell  Ray  Nelllst,  a. 
Ferolyn  Beatrice  Nerreler,  h. 
George  Cleland  NIchoUs,  e. 
Hollis  William  Norman,  e. 
Geneva  Drusa  Null,  h, 
Reynold  Gilbert  Oas.  a. 
Charles  Howell  Osgood,  a. 
Llnua  Carl  Palmer,  f. 
Ivan  Ward  Parks,  a. 
Joseph  Hooker  Permar,  a. 

Clyde  Walter  Peterson,  e. 
Frank  Camahan  Plnhham.  a. 
Harold  Jacob  Plumb,  e. 
Gregorio  Obdeal  Porral,  a. 
Tbebna  Elizabeth  Porter,  h. 
Eugene  L.  Powers,  e. 
Joseph  George  Premo,  e. 

John  B,  Ranger,  a. 
Gertrude  Rankin,  h. 
Maurice  Benjamin  Rann,  e. 
June  Christine  Ranp,  h, 
William  Westbrook  Redfem,  a 
K»(her  Marie  Rebkopf,  h. 


Richard  Franklin  Rev,  e 
Fay  Sydney  Reynolds,  e. 
David  Keltb  Boblnson.  e. 
Irvln  Albert  Robinson,  e. 
Fred  Foster  Rogers,  e, 
Lnwience  William  Ross,  a. 
Lee  Joseph  Rothgery,  e. 
Everett  Charles  Sackrlder.  a. 
l''.dgBr  VanSyckel  Sayles,  e. 
I.vman  Christian  Ecnarer,  e, 
llayniond  Martin  Schenck,  a. 
Helen  Marearetha  Bchmldl,  h. 
E™  KatheHno  Scburr,  h. 
'I'lienve  Annette  Scudder.  h. 
Marian  Elttcl  Seeiey,  b. 
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Lomn  Bliedd,'e- 

William  Arthur  Tobey,  e. 

Lucy  Alexandria  To^.  h. 

BtS^toJdflh^Smttfi  \ 

Talcott  Miller  Tyler,  e. 

James  Tyson,  a.  ' 

WlnUoTd  Grace  Smith!  b. 
Floyd  FnnMIn  Bpauldlng.  a. 

James  Pi  a  nk  Van  Ark,  e. 

Charlos  Krnest  Walton,  e. 

Freaericlt  C.  Kpeldel,  a. 
I'boniBS  Albert  Sleirf,  e. 

Keith  Allen  Weston,  a. 

Frank  Harmon  Weyeoeth.  a. 

llomlnB  Carl  fitoU.  a. 

Ciilver  Dumont  Wilcox,  a. 

Claude  Melvln  Stover,  e. 

WlUfred  Brewster  Williams,  e. 

Ross  Charlas  Stull,  a. 

McGlenard  Williamson,  a. 

Walter  Kenneth  Wtllman.  e. 

saiKwA,... 

Annie  May  Thomaon,  li. 

Italph  Emerson  Yeailctr,  a. 

Sen  Yu,  a. 

COCTOa  OF  VtTBI 

.ItlNE. 

Roy  Edwin  B«reinan. 

Xenophon  Bryan  SliaBer. 

Harold  Philip  Conrad. 

Asa  Winter. 

Carl  WlUlam  Dwyer. 

Leo  Jorapb  Klotz. 

Hugh  Biirnlcc  Smith. 

Lionel  TIsdale, 

CIVIL  I 

IMOIHEEH. 

GeoTBO  Percy  Springer. 

EsjlJ 

.  Roeder. 

Edmund  Carl  Mandenburg. 
Reuben  Lot^  Nye. 


DEGREES  GRANTED  DECEMBER  17,  1020. 
Bachelor  of  Science. 

Gcrlrude  Margaret  Boebe,  b.  Cyril  Hammond  Mains,  a. 

Bertie  GerEstrom,  a.  (^yde  H.  Mll«he1l.  e. 

George  Sawyer  Clark,  a.  Marie  Lucille  Oils,  h. 

Itoy  Davis  a.  C:ornelluB  V.  R.  Pond.  a. 

Kdward  John  Grambaii.  a.  Florence  Eva  Rouse,  h. 

John  Henry  Hammes.  a.  Gertrude  Harriett  Tappan,  h. 

Kennelh  Carson  Inselman.  a.  Sllvere  C.  Vandvcaveye.  a. 

Florence  Mary  Kugel,  h.  Helen  Marguerite  Whitcomb.  h. 

SUMMARY  OF  DEGREES  GRANTED  DURING  THE  YEAR  OF  1820-21. 
Bachelor  of  Science: 

Agricultural  course 8i 

Eiiginoertng  course fw 


Doctor  of  velBrinary  roodldne 6 

Master  ol  science S 

Professional  degrees 6 

Total 225 

I  should  like  at  this  time  to  express  my  appreciation  of  the  work  of  Miss 
Anna  Ferle,  assistant  registrar,  and  of  Mis.s  Delia  Bemis,  clerk.  To  them 
much  of  the  detail  work  of  the  office  lias  been  assigned  ami  it  has  been  per- 
forraed  in  a  highly  satisfactory  manner. 

Respectfully  submitted, 

ELIDA  YAKELEY, 

Registrar.  .^  . 

East  Laasing,  Michigan,  June  30,  1921.  ..o^cyLiOOglC 
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REPORT  OF  THE  LIBRARIAN. 

President  F.  S.  Kedzie, 

East  Lansing,  Michigan. 
Dear  Sir: 

I  liave  the  honor  to  present  the  following  report  on  the  library  for  the  year 
ending  June  30th,  1921. 

During  the  year  866  bound   volumes  have  been  added   to   the   library, 
of  which  532  were  purchased,  45  were  gifts,  and  289  came  by  binding. 

Of  unbound  volumes  and  pamphlets,  78  were  received,  ail  of  wliich  were 
acknowledged  when  received.     We  therefore  .omit  individual  mention. 

For  bound  volumes  coming  to  us  as  gifts,  we  are  indebted  as  follows: 


Beadle,  Western  wilds  and  the  men 

who  made  them. 
Butter  making,  McKay. 
IngersoU  Watch  Co.,  Time  telling 

through  the  ages,  Breariey. 
Iowa,  1. 

Kansas  horticultural  society,  1. 
Kentucky,  1. 
Massachusetts,  1. 
Michigan,  24. 

In  addition  to  the  periodicals  purchased  by  the  College  and  the  Experi- 
ment Station,  the  library  receives  the  following  publications  as  exchanges 
or  as  gifts  from  publishers. 


Michigan  Academy  of  Science,  1. 
New  Hampshire,  1. 
President's  office,  1 . 
Missouri,  1. 

Successful  Farming  Pub.  Co.,  2. 
Smithsonian  Institution,  4. 
U.  S.  Dept.  of  Agriculture,  2. 
U.  S.  Dept.  of  Commerce,  1. 
United  States  Brewers'  Assoc,  1. 


Aberdeen  Angus  journal. 
Academy  of  Nat.  Sci.,  Phila.,  Pro- 


Agricultural  digest. 

Agricultural  gazette  of  Canada. 

Agricultural  gazette  of  N.  S.  Wales. 

A^icultural  review. 

Allegan  gazette. 

America. 

Am.  Assn.  for  Intl.  Conciliation. 

"International  conciliation". 
Am.  assn.  of  univ.  prof.,  bulletin. 
American  bankers'  assn.  journal. 
American  farming. 
American  food  journal. 
American  fruit  grower. 
American  issue. 
American  miller. 
Am,  philosphical  society,  i>roc. 
American  poultry  advocate. 
American  school  board  journal, 
.unerican  seedman. 
American  shcepbrecder. 
.\m.  Steel  and  Wire  Co.,  crop  repts. 
.\uierican  swineherd. 


Australasian. 

Australian  museum,  records. 

Bean  bag. 

Belding  banner. 

Berkshire  world  and  cornbelt  stock- 
man. 

Better  business. 

Better  fruit. 

Board  of  agri.  (London)  leaflets. 

Board  of  agri.,  (London)  journal. 

Bolctin  de  agriculture,  Sao  Paulo. 

Boston  museum  of  fine  arts,  bull, 

Brooklyn  botanic  garden,  leaflets. 

Brooklyn  botanic  garden  record. 

Buick  bulletin. 

California,  agri.  dept.  monthly  bull. 

California  agri.  dept.  monthly  bull., 
experiment  station. 

California  acad.  science,  proc. 

California  citrograph. 

California  univ.  pub.  in  agri.  sci. 

California  univ.  pub.  in  zooli^?y. 

Canadian  horticulturist. 

f'hester  white  journal. 

Clover! and  magazine. 


jOO' 
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Com.  reports.     I&sucd  daily  by  U. 

S.  dept.  of  com.,  bureau  foreign 

and  domestic  commerce. 
Congressional  record. 
Constitutional  revitrw. 
Dairy  record. 
Dakota  farmer, 
Detroit  educational  bulletin. 
DuPont  magazine.   ' 
Duroc  Imllctin. 
East  Lansing  community  life. 
Eaton  Hapids  journal. 
Electric  traction. 
Electrical  trade. 
Elgin  dairy  report. 
Etude. 

Farm  and  fireside. 
Farm  journal. 
Farmer's  advocate. 
Farmington  enterprise. 
Field  illustrated  and  system  on  the 

farm. 
Florida  entomologist. 
Flour  and  feed. 
Flower  grower. 
Fruit  belt. 

Grand  Rapids  public  lib.  bulletin. 
Green  book. 

Guaranty  Trust  Co.,  N.  Y.,  letters. 
Hawaiian  forester. 
Highway  magazine. 
Hoard's  dairyman, 
Holcad. 
Hospadar. 

II  giomale  d'  Italia  agricolo. 
Illuminating  engineer. 
Illustrated  review. 
Improvement  era. 
India,  agr'l  research  inst.  Pusa.  bull- 
India  agr'l  research  inst.,  Pusa,  agr'l 

j'l  of  India. 
India  agr'l  research  inst.,  Pusa.  Me- 
moirs, bacteriological  series. 
India,  dept.  agri.  ^.  inst.,  Pusa. 

Memoirs,  botanical  series. 
India,  dept.  agri,  memoirs  chemical 

series.   Agri,  research  inst.,  Pusn. 
India,  dept.  agri.,  memoirs,  entomol. 

ser.  agri.  research  inst.,  Pusa. 


Indiana  farmer's  guide,  formerly 
Farmer's  Guide. 

Indiana's  friend. 

Indicator. 

Ingham  county  news. 

Internatl.  inst.  agri,,  annuaire  inter- 
national de  statis  tique  agricole, 

Internatl,  inst.  agri.,  bureau  of 
economic  and  social  intelligence. 

Internatl,  inst,  agri.,  Home,  bu- 
reau of  statistics. 

Internatl.  inst.  agri.,  Home,  bureau 
of  Stat.,  doc.  leaflets. 

International  inst.  agri.,  Rome. 
Monthly  bull,  agri.,  intelligence 

of  plant  diseases. 

Invest,  bks'.  assn.  Am.,  bulletins. 

James'  barn  magazine. 

Japan  review. 

Jersey  bulletin. 

Johns  Hopkins  univ.,  circulars. 

John  Hopkins  university,  studies. 

Jones vi  He  independent. 

Journal  of  agricultural  research. 

Journal  of  agriculture,,  Victoria. 

Journal  of  agri.  and  horticulture. 

Jl.  of  the  college  of  agr.,  Tohoku,, 
imperial  univ.,  Sapporo,  Japan. 

Jl.  of  college  of  sci.,  imp.  univ., 
Tokio. 

Jl.  of  the  dept.  agri.,  S.  Australia. 

Journal  of  the  U.  S.  artillery. 

Livestock  report  (Clay,  Robinson) 

Market  growers  journal. 

The  market  reporter. 

Message  of  the  east.  ■ 

Mexican  review. 

Miami  conservancy  bulletin. 

Michigan  business  farmer. 

Michigan  farmer. 

Michigan  history  magazine. 

Michigan  library  bulletin. 

Michigan  out-of-doors. 

Michigan  patron. 

Midland  naturalist. 

Midland  sun. 

Mo.  botanical  gardens,  annals  of  tl'.e 


Digitizcc  by  Google 


DEPARTMENT  REPORTS. 


loa 


Moderator  topics. 

Monthly  bull.,  state  com.  horticul- 
ture, Sacremento,  Cal. 

Monthly  crop  reporter. 

Natl.  education.assn.,  bulletin. 

National  farmer. 

National  grange  monthly. 

National  provisioner. 

National  stockman  and  farmer. 

National  -weather  and  crop  bull. 

Nature — study  review. 

New  York  bot.  garden,  bull,  of  the 

N.  Y.  meteorology  (Draper's  hourly 
readings). 

News  bulletin. 

The  North  Am.  veterinarian. 

Official  gazette,  TJ.  S.  pat.  office. 

Ohio  fanner. 

"OK"  poultry  journal. 

Open  road. 

Orange  judd  farmer. 

Our  dumb  animals. 

Pacific  dairy  review. 

Pan  American  union,  bulletin. 

Canal  record. 

Philippine  agri.  review. 

Philippine  agri.  and  forester. 

Power  farming. 

Practical  farmer. 

Prairie  farmer. 

Professional  engineer. 

Progressive  farmer  and  southern 
farmer  gazette. 

Psychological  bulletin. 

Public  health  reports. 

Reclamation  record. 

Reliable  poultry  journal. 

Rhodesia  agricultural  journal. 

Rice  institute  pamphlet. 

The  publications  of  the  U.  S.  Department  of  Agriculture,  and  the  bulletins 
of  the  various  state  experiment  stations,  together  with  the  card  indexes  which 
render  them  of  easy  access,  are  received  and  filed  in  the  library. 

We  also  receive  the  catalogues  of  the  leading  educational  institutions  in 
exchange  for  our  own  catalogue. 

The  number  of  books  loaned  for  home  use  during  the  year  was  7,903,  an 
average  per  month  of  about  659.  No  record  can  be  kept  of  books  used  in 
the  hbrary. 

We  gratefully  acknowledge  our  indebtedness  to  the  librarians  of  the  United 
States  Department  of  Agriculture,  the  University  of  Michigan,  the  University 
of  Wisconsin,  the  University  of  Chicago,  the  John  Crerar  library,  and  the 
Library  of  Congress  for  their  courtesy  in  loaning  to  us  certain  publications 
needed  by  our  research  workers. 


Rockefeller  inst.  for  mcd.  research, 

studies. 
The  rotarian. 
Russian  information  bureau  in  the 

U.  S.  bulletin. 
School  life,  U.  S.  dept.  of  the  inter., 

bureau  of. 
Science  and  industry  (Australia). 
Seed  world. 
Shorthorn  in  America. 
Smithsonian  inst.,  bull.  U.  S.  nat. 

museum. 
Smithsonian  inst.,  contrib.  U.  S. 

nat.  herbarium. 
Smithsonian  inst.,  misc.  collections. 
Successful  farming. 
Sultanic  agri.  soc,  bulletins,  (tech. 

section). 
System  on  the  farm. 
Union  bulletin. 
Union  of  south  Africa.,  journal  of 

the  dept.  of  agri. 
U.S.  dept.  agri.,  plant  industry  h- 

brary.,  current  author  entries. 
U.  S.  dept.  of  Agri.  bur.  of  public 

roads. 
U.S.  dept.  agri.,  monthly  weather 

review. 
U.S.  library  of  congress,  monthly 

list  of  state  publications. 
Monthly  catalogue  U.  S.  pub.  doc. 
The  vocational  sunmiary,  U.  S. 
Wallace^'  farmer. 
Washington  farmer. 
Washtenaw  post. 
Weekly  news  letter. 
West  Indian  bulletin. 
Wilson  bulletin. 
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It  is  with  regret  that  we  record  the  resignatioii  of  our  assistaot  Mies  Palm, 
who  has  accepted  a  position  in  the  College  of  Agriculture  of  Oregon,  as  head 
of  the  circulation  department  of  the  Hbrary. 

In  the  reference  department  much  has  been  accomplished  by  Miss  Feld- 
kamp,  reference  librarian  in  charge.  Packages  covering  138  subjects  have 
been  assembled  and  are  ready  for  circulation.  Two  hundred  eighty  five 
letters,  addressed  to  teachers  of  agriculture  and  home  economics,  county 
agents,  the  Farm  Bureau,  and  the  leaders  of  boy's  and  ^rl's  clubs  have  been 
sent  out,  and  30  packages  have  been  loaned. 

Bibliographies  on  the  following  subjects  have  been  prepared  by  request 
of  members  of  the  College  extension  force. 

Cost  accounting  for  cooperative  associations. 

Cooperative  stores. 

Pure  fabric  law. 

Cost  of  keeping  horses. 

Agricultural  credit. 

Prices. 

For  members  of  our  faculty  exhaustive  references  covering  the  following 
subjects  have  been  prepared. 

Farm  management  terminology. 

Cafeterias. 

Construction  and  operation  of  windmills. 

County  government. 

The  manufacture  of  charcoal. 

The  efforts  we  are  making  to  bring  the  farmers  of  the  State  in  closer  touch 
with  the  College  through  the  extension  of  hbrary  privileges,  seems  to  be  quite 
generally  approved,  and  many,  letters  expressing  appreciation  of  this  service 
have  been  received. 

For  our  student  assistants,  Mr,  T,  G,  Lindquist  and  Mr.  G.  W.  R.  Baldwin, 
we  have  only  words  of  commendation.  Mr.  Lindquist  was  graduated  this 
year.     Mr.  Baldwin  will  remain  through  the  coming  year. 

To  the  library  of  the  Experiment  Station  148  bound  volumes  have  been 
added,  of  which  22  were  purchased,  15  were  gifts,  and  111  came  by  binding. 
This  library  now  numbers  4,933  volumes.     The  College  library  contains 
41,524  volumes.     Total  in  both  libraries,  46,457  volumes. 
Respectfully  submitted, 

LINDA  E.  LANDON, 
Librarian. 
Fast  Landing,  Michigan,  June  30,  1!)21. 
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REPORT  OF  DIRECTOR  OF  SUMMER  SCHOOL. 

President  F.  S.  Kedzie,  Agricuitural  College, 

East  LaDsing,  Michigan. 
Dear  Sir: 
-The  following  is  a  report  relative  to  the  Summer  Session  for  the  season 
1921: 

This  is  the  eighth  annual  session.  In  accordance  with  the  policy  of  previous 
years,  the  session  was  organized  along  the  same  lines  as  heretofore.  We 
continued  to  offer  a  large  nunber  of  courses  taken  from  the  regular  curriculum. 
As  a  result  we  found  a  larger  number  of  our  regular  students  taking  summer 
work  this  season  than  ever  before.  There  can  be  no  disputing  the  fact  that 
the  sununer  session  is  of  inestimable  value  for  the  regular  student  since 
he  is  using  it,  in  increasing  numbers,  for  removing  deficiencies,  shortening 
his  course,  or  obtaining  desirable  courses  in  addition  to  the  regular  subjects 
of  his  course. 

Afl  in  several  previous  years,  special  courses  in  agriculture,  home  economics, 
club  work,  and  pedagogy  were  offered  for  the  benefit  of  rural  teachers.  An 
experiment  in  this  connection  was  undertaken.  A  well-trained  and  experi- 
enced teacher  of  grades,  in  the  person  ofMiss  Effie  Caskey,  County  Normal 
Instructor,  of  Ionia,  Michigan,,  was  engaged  to  teach  a  group  of  miscellaneous 
school  children  from  East  Lansing  as  a  means  of  demonstrating  methods  of 
handling  a  rural  school.  The  rural  teachers  in  attendance  observed  this 
teaching  and  then  discussed  with  the  critic  teacher  the  many  pedagogical  mat- 
ters involved  in  such  instruction. 

The  practice  of  previous  years  of  holding  conferences  was  continutd,  includ- 
ing the  Boys'  and  Girls'  Club,  the  Rural  Conference,  and  Economics  Confer- 
ence. The  programs  were  arranged  in  accordance  with  the  interests  of  the 
various  groups  which  included  all  told,  several  hundred  people.  The  Eco- 
nomics Conference  was  held  in  cooperation  with  a  group  of  rural  people  who 
camped  upon  the  college  grounds  during  their  stay.  These  programs,  in 
addition  to  using  our  own  faculty  members  in  various  capacities,  brought  to 
the  campus  many  excellent  speakers  whose  presence  here  was  not  only  an 
attraction  to  the  special  groups  but  they  were  a  source  of  inspiration  to 
regular  students  and  teachers.  Conspicuous  among  the  imported  talent 
were  Dr.  Thomas  N.  Carver  of  Harvard  University,  whose  work  in  the  line 
of  agricultural  economics  ranks  as  the  foremost  in  the  land.  Dr.  Ernest 
Bumham  of  the  Western  Normal,  a  very  popular  speaker  and  student  of 
education,  who  gave  a  series  of  addresses.  Dr.  G.  F.  Warren  of  Cornell 
University,  was  present  and  discussed  the  subject  of  price  of  agricultural 
products.  Hon.  L.  L.  Driver,  State  Bureau  of  Education,  Pennsylvania, 
talked  on  school  consolidation. 

A  very  imjrartant  group  of  sununer  students  consisted  of  public  school 
teachers,  about  twenty  in  number,  who  are  preparing  themselves  for  teaching 
under  the  Smith-Hughes  law  pertaining  to  the  teaching  of  agriculture  in  the 
existing  high  schools,  and  especially  in  the  agricultural  high  schools  now  in  the 
processof  organization  in  many  parts  of  our  State.  Those  men  arc  gradual!  s 
of  liberal  arts  institutions  for  the  most  part,  and  are  oxperioncctl  teachers 
who  come  here  to  get  agriculture.     The  summer  school  enables  fhcm  to  do 
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much  of  this  work  at  that  season,  at  least  to  reduce  the  residence  to  one  year. 
We  have  students  on  the  campus  who  are  now  completing  the  year  for  our 
degree.  This  is  a  splendid  feature  of  the  session.  More  of  such  students 
should  be  encouraged  to  come  to  us,  upon  liberal  terms. 

It  has  been  the  aim  of  the  management  of  the  summer  session  to  find  the 
fields  of  service  peculiar  to  the  College,  and  to  refrain  from  entrance  upon  the 
territory  of  other  institutions.  This  policy  has  been  adopted  for  obvious 
reasons.  Duplication  of  facilities  in  an  already  well-occupied  field,  is  unde- 
sirable; the  special  facilities  of  colleges  such  as  this  are  not  only  desirable,  but 
are  in  great  need.  Faith  in  this  attitude  grows  stronger  with  each  summer's 
experience. 

Respectfully  submitted, 
E.  H.  RYDER, 

Director  of  Summer  Session. 
East  Lansing,  Michigan,  June  30,  1921. 


REPORT  or  ALUMNI  RECORDER. 

President  F.  S.  Kedzie, 

East  Lansing,  Michigan. 
Dear  Sir; 

The  fo!lo^ving  is  the  annual  report  of  the  Alumni  Recorder  beginning  Julv 
1,  1920,  and  ending  June  30, 1921. 

During  the  year  we  have  been  abiding  considerably  to  our  alumni  records 
and  making  the  individual  records  of  alumni  and  former  students  much  more 
complete.  The  activities  of  the  local  associations  and  groups  of  alumni  have 
helped  put  us  in  touch  with  a  great  many  wth  whom  we  had  lost  contact. 
Besides  the  "base"  or  history  cards  for  all  graduates,  totaling  3,677,  we  now 
have  such  cards  for  3,100  former  students  who  did  not  complete  their  courses. 
As  stated  in  our  last  report,  these  cards  give  the  home  address,  class  and  course, 
college  activities,  and  clianges  of  occupation  and  address  since  leaving  college. 
During  the  past  year  in  a<idition  to  cards  already  made,  we  have  completeti 
records  for  800  additional  former  students  and  216  graduates,  bringing  our 
total  number  of  base  cards  to  6,570.  The  new  visible  index  filts  which  wrre 
added  to  our  equipment  early  in  the  year,  have  greatly  facilitated  the  keeping 
of  these  records.  It  is  believed  that  our  records  are  more  complete  and  up  to 
date  and  that  alumni  service  rendered  by  means  of  them  is  better  than  it  has 
ever  been  before. 

During  the  past  winter  an  attempt  was  made  for  the  first  time  to  get 
"alumni"  records  for  our  short  course  men.  A  large  number  of  inquiry  care's 
were  sent  out  and  through  them,  we  have  been  placed  in  touch  with  about 
400  former  students  of  our  short  courses.  During  the  coming  fall  and  winter, 
it  is  planned  to  make  a  further  cireularization  in  an  attempt  to  extend  cur 
information  and  our  contact  among  this  group  of  former  students. 

During  the  year,  nine  new  local  ahinmi  associations  have  been  fonrtd, 
those  of  Barry  county,  South  Haven,  Alpena,  Calhoun  county,  Ciinttn 
county,  Ionia  county,  Washtenaw  county,  Buffalo,  New  York,  and  Western 
Pennsylvania,  Four  existing  associations,  tliosc  of  Jackson  and  Lenawee 
county  and  Saginaw  and  Bay  City,  have  been  reorganized  and  are  now  on  a^' 
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much  firmer  basia  than  formerly.  There  is  now  a  total  of  thirty-six  local 
associations.  A  number  of  the  larger  organizations  hold  weekly  meetings 
and  nearly  half  of  them  have  regular  monthly  meetings.  There  seems  to  be 
a  greater  interest  to  do  something  for  M-  A.  C. 

Besides  the  regular  Home  Coming,  Farmers'  We<'k,  and  Commencement 
meetings  of  alumni  at  the  College,  M.  A.  C,  Associiitions  in  different  parts  of 
the  country  have  held  sixty-five  meetings  of  graduates  and  former  students 
during  the  year.  This  docs  not  include  the  regular  weekly  luncheons  of  the 
Central  Michigan  or  the  Detroit  Clubs,  nor  the  monthly  and  semi-monthly 
meetings  of  Grand  Rapids,  Flint,  Cliicago  and  Saginaw  M.  A.  C.  people. 
The  commencement  reunions  just  past  were  attended  by  nearly  800  graduates 
and  former  students  and  it  is  thought  to  be  the  largest  reunion  since  the  semi- 
centennial in  1907.  This  commencement,  reunion  and  the  large  number 
of  meetings  held  during  the  year  are  something  of  an  indication  of  the  interest 
that  alumni  are  taking  in  the  College. 

Because  of  the  financial  situation  during  the  past  year,  nothing  has  been 
done  by  the  M.  A.  C.  Association  on  the  Union  Memorial  Building  campaign 
fund  which  was  started  last  year.  It  is  expected  however,  that  it  will  be  re- 
resumed  during  the  coming  fall  and  winter.  The  committee  however,  have 
determined  that  the  building  shall  be  worthy  of  the  efforts  of  M.  A.  C.  men  and 
women,  and  have  determined  to  build  a  building  to  cost  $500,000.  They 
have  engaged  the  firm  of  Pond  and  Pond,  architects  of  Chicf^^o,  to  construct 
the  building,  in  cooperation  with  the  college  areliitect. 

Following  are  the  resolutions  of  the  M.  A.  C.  Association,  passed  at  the 
annual  meeting  June  15,  1921. 

RESOLUTIONS  PASSED  BY  M.  f 

The  alumni  reunion  of  1921  brings  its  train  of  important  events.  The  old 
College  never  looked  better,  and  its  future  was  never  briglitcr.  We  feel  more 
prou<l  of  being  Michigan  Ag^es  now  than  ever  before.  Yet  we  realize  that 
the  College  cannot  be  operated  on  the  methods  of  the  past,  just  as  it  cannot 
with  the  money  of  the  past,  and  that  the  administrative  and  teaching  force 
must  be  continually  changing.  In  this  oonnectit  n  we  greatly  dislike  to  bid 
farewell  to  President  Kedzie,  who  has  devoted  some  faithful  years  to  the  dis- 
charge of  the  most  important  of  all  the  college  offices.  We  are  sensible  of  the 
fact  that  he  accepted  the  office  of  president  only  ui:der  strong  pressure,  and 
that  he  undertook  its  duties  only  for  a  f(  w  years.  The  Kedzie  smile  will  lie 
much  missed  from  the  corner  room  of  the  Library  Building,  and  we  only  wish 
it  might  have  been  housed  in  more  spacious  quarters,  while  disehanting  the 
presidential  duties.  To  students  of  the  t:ast,  "l!ne!r  Frank"  will  always  be 
his  favorite  title,  f^eldom  is  it  given  to  mortal  man  to  have  such  an  aggrega- 
tion of  nieces  and  nephews.  We  hope  that  he  may  in  some  way  continue  to 
be  associated  with  the  College  in  days  to  come. 

We  have  no  favorite  candidate  to  promote  for  the  office  of  president  of  the 
College.  Yet  we  express  our  conviction  that,  whoevt  r  he  may  be,  he  should 
be  a  man  of  wide  experience  as  an  educator  ard  administrator.  We  believe 
he  should  be  a  man  of  strong  religious  eonvietioiB,  in  ron-mon  with  other 
college  and  university  leaders  of  the  day.  In  this  we  are  but  reflecting  the  ex- 
pressed beliefs  of  not  a  few  members  of  the  faculty.  Many  alumni  remember 
with  deepest  pleasure  and  gratitude  the  hours  spent  at  the  li.ome  of  the  presi- 
dent and  other  faculty  members  in  social  converse,  and  this  suggests  to  us 
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that  the  opportunities  for  influencing  the  lives  of  the  students  by  the  preei- 
dent  and  tus  ftimity  through  personal  contact,  makes  it  highly  desirable 
that  the  incoming  president  have  his  home  in  the  college  community.  We 
hope  that  the  Board  of  Agriculture  will  not  hesitate  to  pay  such  salary  as  may 
be  necessary  to  secure  the  right  type  of  leader  for  M.  A.  C. 

The  action  of  the  faculty  and  Board  of  Agriculture  in  inaugurating  the 
science  course  meets  with  oiu'  enthusiastic  approval,  and  wc  bespeak  for  this 
course  a  wide  publicity  and  suggest  the  engEigement  of  an  experienced  dean 
who  will  be  able  to  make  for  this  course  an  honored  place  in  the  list  of  courses. 

The  number  of  students  at  M,  A.  C.  is  a  topic  much  talked  about.  We  are 
not  of  those  who  believe  that  an  attendance  of  fifteen  hundred  or  so  is  the 
most  desirable  number  of  students  for  this  College,  We  believe  that  the 
investment  in  property  and  equipment  here,  and  the  increased  investment  of 
future  years,  requires  as  large  an  attendance  as  can  be  secured.  We  hope 
for  a  student  body  of  2,500  in  three  years,  and  we  believe  it  entirely  possible. 
Nor  do  we  believe  that  the  enrollment  should  stop  there. 

We  hold  that  the  payment  of  adequate  sEtlaries  is  essential  to  an  efficient 
teaching  force  and  we  earnestly  hope  that  there  will  be  no  tendency  toward  a 
reduction  of  the  salary  scale  adopted  by  the  State  Board  in  1920. 

We  extend  greetings  to  Doctor  Beal,  the  youthful  friend  of  M.  A.  C,  who 
once  ag^n  is  with  us  for  conmiencement  reunions. 

Recognizing  the  position  of  the  past  le^slature  in  regard  to  the  mECtter  of 
taxation,  we  express  our  approval  and  appreciation  of  their  action  in  appro- 
priating funds  for  the  building  of  an  Administration  Building  and  a  Home 
Economics  Building,  and  the  funds  for  the  extension  work. 

We  recommend  that  the  president  of  the  M.  A,  C.  Association  appoint  a 
committee  on  legislation  to  represent  the  College  in  state  politics  which 
have  reference  to  M.  A.  C.  We  also  recommend  that  the  president  of  the 
M.  A.  C.  Association  appoint  a  committee  to  interest  themselves  in  the 
election  and  selection  of  future  candidates  for  the  State  Board  of  Agricul- 
ture. 

We  believe  that  the  M,  A.  C.  should  have  eventually  an  appropriate  and 
formal  entrance  to  the  college  grounds,  and  suggest  to  the  State  Board  that 
they  provide  for  some  such  suitable  entrance  in  the  plans  for  development 
of  the  campus. 

Realizing  that  the  financial  conditions  of  the  country  have  been  adverse 
to  the  progress  of  the  Memorial  Building  fund,  we  however  believe  and  ask 
that  this  project  be  pushed  onward  to  its  goal  as  soon  as  conditions  will 
warrant. 

In  recognition  of  the  hardy  interest  and  untiring  efforts  of  Harris  Thomas 
as  the  president  of  the  M.  A.  C.  Association,  we  express  to  him  our  apprecia- 
tion for  his  work  of  the  past  year  and  recommend  that  he  be  reelected  to  the 
office  of  president. 

The  recent  movement  by  the  alumnte  in  their  work  for  the  furnishing  of 
a  practice  house  on  the  campus  is  a  progressive  step  and  the  alumna  are  to 
be  coEomended  for  their  constructive  interest  in  the  College. 

The  death  of  Mrs.  Collingwood  has  left  a  gap  in  the  college  community. 
Her  work  for  the  student  aid  fund  and  her  loyal  interest  in  M.  A.  C.  will  con- 
tinue to  bear  fruit  for  many  years  to  come.  She  is  an  example  to  us  all  of 
what  a  person  can  do  who  loves  young  people  and  wants  to  be  of  service  to 
them. 

Word  has  come  of  the  very  serious  illness  of  former  Professor  Weil,  Dean 
of  Engineering  preceding  Dean  Bissell.     We  suggest  that  the  secretary  be*-" 
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instructed  to  send  an  expression  of  the  sjinpathy  of  M.  A,  C.  alumni  to 
Mr.  Weil. 

(Signed)  E.  E.  HOTCHIN,  '12,  Chairman. 
N.  A.  McCUNE,  '01. 
MRS.  VERA  GRUNER  OVIATT,  '16. 
Respectfully  submitted, 

C.  W.  McKIBBIN, 

Alumni  Recorder. 
East  Lansing,  Michigan,  June  30,  1921. 


REPORT  OF  THE  HEALTH  SERVICE. 

To  the  Honorable  Stat«  Board  of  Agriculture  and  Health  Service  Committee : 

We  submit  the  following  report  of  health  service  activities  at  the  Michigan 
Agricultural  College  from  October  1,  1920  to  June  30,  1921. 

In  general  the  health  of  the  student  body  has  been  good  this  year,  and 
.  with  the  exception  of  an  epidemic  of  mumps  there  have  been  but  few  cases 
of  contagious  disease. 

All  freshmen  and  new  students  received  complete  medical  examination 
during  the  first  month  of  the  school  year.  This  part  of  our  work  Eind  also 
consultation  and  conferences  with  women  students  has  been  seriously  handi- 
capped throughout  the  year  because  there  is  not  a  woman  physician  on  the 
health  service  staff. 

During  the  year  two  hundred  and  nineteen  students  have  been  vaccinated 
and  twenty-eight  received  typhoid  prophylaxis  at  the  Health  Service.  A 
lai^e  number  of  these  were  freshmen  who  had  never  before  been  vaccinated. 

A  series  of  health  lectures  including  personal  hygiene,  first  aid,  rural  san- 
itation, and  sex  hygiene  was  given  to  all  freshmen  and  new  students,  in- 
cluding the  short  course  students. 

No  (leaths  have  occurred  this  year  among  students  who  were  under  Health 
Service  care. 
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AbBcees 

AdBDoidindutli,'!!!!!':! 
Adhesions 

Alopecia.- 

Amenorrhea 

Anaemia 

Anaphylaxis 

Animal  bite 

AnkyloRls 

Aortic  regurgitation. .  .    . 

Appendicitis,  acute 

Appendldlla.  chronic . .  . 

Arrhytliinla 

Arsenic  polaonlne 

Arlhrllls 

Aathenopla, 

Atrophy 

Attached  lobes 

Broken  arch 

Bronchitis,  acute 

Broncho  pneumonia 

Carbuncle 

Cauliflower  eat 

Chalazion 

Chicken  pox 

Clavls 

ColorMlndneiH 

Congentlal  deviate 

Conjimctlvltls,  acute.  .  . . 
consllpalion 

Dacryocystitis 

neatnesa . . 

Denial  carles 

Dermatitis:  calorlca 

Dermatitis;  eciematolri. . 
Dermatitis;  mvcellal 

Dormalltlal  venenata 

Deviated  septum 

Diarrhea 

Dislocation 

Dfshldrosls 

Dysmenorrhea . . 

Emphysema 

Enterilla.  toxic... 

Epldlily mills.  . .- 

Epilep^ 

Epistaxis . . 

Erythema,  enudatlve.  . . . 
Erythema,  multirorm  Iris 

Flail  Joint". '.'.'.'.'. '.'.'.'. '.'.'.'. 
Flat  chest 

Foiiicuiiiia.*.'.;!!!;;!''^ 

ForelKn  body 

Fracture 

Froelhlte 

Furunciilosis 

Ganglion 

Caatritls,  chronic 

Goitre,  exophthalmic.  . . . 

Goitre,  simple 

Hammer  toe 

Harelip 

Hay  lever 

Heatstroke 

HemorrhsKe 

Hernia 

Herpes,  simplei 


Herpes,  loster 6 

JperdSorhydria ::::;;::  :.::: 

Hyperhydrosla 

30 

sr"" 

13 

otitis  media,  chronic B 

Paralysis,  resld.  ant.  polio 1 

sif?;;b5?eiSo?'^'"^'^ 

79 

Scotoma,  sclnllUatlag 

1 

l^achycardift B 
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Tacbrcardla.  paiorysmiil , . 

Teno-sf  Dovltls 

'Hnea,  axillaris 

Tines,  circlnBls 

Tlnoa,  cruris 

Tinea,  versicolor 

ToiuUltla.  acuta 

TonslllltlB,  cbioiilc 

TonslloliUi 

Tophus 

Trachellis,  acute 

Tuberculosis 

Tuberculosis  suspeft 
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Undiagnosed .... 
UneiTupled  molar 
UrsthiftlB,  acute. . 


Vaccinia .-..,-,.. 

Varicocele 

Varlcoals 

Verruca  vulgaris . . 
Vincents  angina . . . 

Vitiligo 

Wound,  gun  shot, , 


Blood,  Waasermi 


I.     Total  net  income . 


(a)  Apportion mpi;t . 

(b)  Student  fees..-, 

(c)  Receipts 


Total  expenditures: 

without  salaries 

with  salaries 

(a)  Salaries  and  wages .  . 

(b)  Health  service: 
without  salaries .  , . 
with  salaries 

(c)  Hospital: 

without  salaries 

with  salaries 

(d)  Private  hospitals .  . . 

(e)  Outside  physicians 


and  surgeons'  fees. 


Summarized  expenditures: 

(a)  Total  cost  per  student  enrolled:. 

without  salaries 

with  s 


(b)  College  hospital  expense  per  student  enrolled: 

without  salaries 

with  salaries 

(c)  Private  hospital  cost  per  student  enrolled 

(d)  Fees  to  outside  physieians  per  student  enrolle<l ,  . 

.  (e)  Cost  of  health  service  dept.  per  student  enrolled : 

without  salaries 

with  salaries 


10,632  34 

1 ,000  00 

0,078  50 

552  85 

6,931  97 
13,406  37 
6,345  40 

4,564  44 
8.569  84 

2.377  53 

4,836  53 

202  50 

851  60 

(f)   Hospital  expense  per  patient  per  day: 

without  salaries 

with  salaries 


1  64 
3  30 


3  06 
5  91 
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(g)  Cost  per  dispensary  call : 

without  salaries $1  64 

witli  salaries 3  78 

Respectfully  sumnitted, 

CLYDE  REYNOLDS,  M.D. 

Director  of  Health  Service. 
East  Lansing,  Michigan,  June  30,  1921. 


REPORT  OF  MICHIGAN  WEATHER  SERVICE. 

The  past  year  has  been  one  without  any  startling  or  unusual  features  from 
the  administrative  standpoint.  The  general  policy  of  the  service  has  con- 
tinued as  in  former  years. 

The  close  of  the  war,  however,  has  marked  a  period  of  increased  demand 
for  weather  data  of  all  kinds. 

The  number  of  observation  stations  in  the  State  has  not  been  increased 
and  the  work  of  the  observers,  as  a  whole,  has  been  of  a  high  order.  All 
stations  are  fully  equipped  with  standard  instruments  and  for  most  of  the 
stations  it  can  be  said  that  the  observation  work  is  continuous. 

The  distribution  of  daily  forecasts  through  cooperation  with  various 
telephone  companies  continues  to  be  somewhat  abridged.  As  in  the  year 
previous,  telephone  wires  and  telephone  employees  are  generally  working 
at  peak  capacity,  and  in  order  to  take  care  of  regular  commercial  business  it 
haa  been  necessary  for  some  telephone  companies  to  give  the  distribution  of 
forecasts  less  consideration  than  is  desirable,  eitlier  on  the  part  of  the  com- 
panies themselves  or  on  the  part  of  the  Weather  Bureau, 

It  is  interesting  to  note  at  this  time,  that  groat  progress  has  been  made  in 
the  perfection  of  the  wireless  telephone. 

At  this  time  the  United  States  Bureau  of  Standardization  is  devoting 
much  time  and  experimentation  in  producing  a  wireless  telephone  of  moder- 
ate cost,  that  may  be  within  reach  of  the  ordinary  farmer. 

The  Weather  Bureau  has  for  some  time  past  been  sending  out  daily  fore- 
casts for  all  kinds  of  interests,  principally  for  the  farmers,  for  the  marine 
shipping  interests,  and  for  aviation  interests. 

The  forecasts  are  sent  out  at  10:30  A.  M.  from  the  radio  station  at  Arling- 
ton. These  radiograms  are  in  telegraph  code  and  are  being  picked  up  in  ^1 
parts  of  the  United  States.  It  is  hoped  that  the  Weather  Bureau  will  send 
out  the  same  forecasts  by  wireless  telephone  in  the  near  future,  and  when 
that  practice  is  instituted,  anyone,  and  particularly  the  farmer,  may  be  able 
to  take  down  his  own  instrument  and  listen  in  at  10:30  A.  M.  and  get  the 
forecast  for  the  period  covered  by  the  "tonight  and  tomorrow".  The  arrange- 
ments for  this  wireless  telephone  of  forecasts  is  already  so  far  advanced  that 
it  will  be  only  a  question  of  less  than  a  year  before  it  is  in  actual  practice. 
If  the  individual  wireless  telephone  can  he  brought  down  to  a  price  that  is 
popular  and  possible  for  the  average  farmer,  it  will  mark  a  distinct  advance 
in  the  life  of  all  rural  communities,  not  only  from  the  standpoint  of  getting 
the  weather  telephone  messages  but  also  much  other  information. 

The  publication  of  the  monthly  bulletin  has  been  continued  in  abridged 
form  since  last  jcar  and  continnes  to  be  widely  sought  for  and  extensively 
consulted. 
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The  weekly  weather  and  'crop  bulletins  have  continued  to  be  issued  during 
the  planting,  growing,  and  harvesting  seasons,  and  are  distributed  to  a  con- 
siderable mailing  list,  liesides  being  pjiblislied  in  daily  and  weekly  news- 
papers. 

The  administrative  work  of  the  central  office  is  very  heavy  on  account  of 
a  constant  demand  for  all  sorts  of  meteorological  information.  The  monthly 
bulletins  are  doing  much  in  a  new  field  that  our  data  has  not  heretofore  touched 
— that  is,  in  the  development  of  Michigan  as  the  summer  playground  of  the 
country. 

C.  F.  SCHNEIDER, 

Director. 
Grand  Rapids,  Mich.,  June  30,  1921. 


REPORT  OF  THE  DEPARTMENT  OF  BACTERIOLOGY. 

President  F.  S.  Kedzie, 
Dear  Sir : 

There  is  evidence  in  abundance  that  we  are  far  on  the  road  to  recovery 
from  the  war  time  spirit  of  unrest.  The  student  work  in  this  department 
has  resumed  much,  if  not  all,  of  its  antebellum  seriousness  and  efficiency,  and 
the  staff  is  complete  and  competent.  The  lessons  of  hygiene  and  sanitation 
learned  during  the  progress  of  the  war  have  had  an  especially  stimulating 
effect  on  the  students'  interest  in  the  subjects  taught  in  the  department. 
The  tabulations  given  below  show  clearly  the  amount  and  distribution  of 
the  class  work  for  the  year, 

SUM.MER  TERM,  1920 


SuntmcT  Term,  19S0. 

Bacteriology  1 Ward  Giltner 

Bacteriolc^y  2 F.  W.  Fabian 

Bacteriolt^y  3 F.  W.  Fabian 

Bacteriology  4. F.  W.  Fabiao 

Bacteriology  14 Ward  Giltner. , .    . 

Fall  Term.  1920. 

Bacteriology  1 Ward  Giltner 

Bacteriology  la Ward  Giltner 

Bacteriology  2 .W.  L.  Mallmann.  . 

Bacteriology  3.. F.  W.  Fabian 

Bacteriol<^  4 W.  L.  Mallmann,  . 

BacterioloB'  13 Ward  Giltner,  .  .  , 

Bacteriology  14 Ward  Giltner 

Bacteriology  24 F.  W.  Fabian 

Wilder  Term,  1931. 

Bacteriology  lb Ward  Gillner. .  . . 

Bacteriology  2. , F.  W.  Fabian.  . . . 

Bacteriology  2 R.  L.  Tweed 

Bacteriology  2 W.  L.  Mallmann , . 

Bacteriology  3 F.  W.  Fabian. . . . 

Bacteriology  4 W.  L.  Mallmann.  . 

Bacteriology  19 F.W.Fabian.... 

Bacteriology  108 Ward  Giltner 


Students 
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Spring  Tcmi,  lb2l. 

Bacteriology  Ic Ward  Giltner 149 

Bacteriology  3 K.  W.  Fabian 14 

Bacteriology  4 W,  L.  Mallmanii 5 

Uneteriology  13 Ward  Giltner 1 

Bacteriology  14 Ward  Giltner , , .  13 

Bacteriology  16 Ward  Giltner 2 

Bacteriology  17 G.  L.  A.  Ruehle, 6 

Bacteriology  19 1.  F.  Huddleson 18 

Bacteriology  23 W.  L.  Malluiann 34 

Bacteriology  105 R.L.Tweed 1 

Bacteriology  108 R.L.Tweed 1 

The  influence  of  the  new  Applied  Science  course  on  tlie  activities  of  the 
department  cannot  be  estimated  at  this  early  dat-e.  There  is  already,  as 
there  has  been  for  many  years  back,  a  considerable  degree  of  interest  mani- 
fest on  the  part  of  students  who  desire  to  take  advantage  of  our  exceptional 
facilities  in  an  atmosphere  of  agricultural  and  technological  education, 

The  department  is  in  a  strong  position  in  respect  to  personnel  and  material 
equipment  to  undertake  intensive  and  extensive  instructional  work  in  the 
fields  of  bacteriology  and  hygiene.  However,  for  a  number  of  years  past  we 
have  not  had  sufficient  funds  to  purchase  much  needed  equipment  and  sup- 
phes,  the  lack  of  which  has  been  prejudicial  to  the  maximum  productive 
effort. 

May  I  urge  that  steps  be  taken  to  increase  the  appropriations  for  current 
expenses  and  equipment,  so  that  we  may  be  able  not  only  to  maintain  the 
high  standards  of  the  past,  but  also  to  develop  to  a  still  higher  plane.  It  is 
imperative  that  certain  alterations  be  made  in  the  building.  Research  . 
laboratories  to  the  rear  of  the  lecture  room  should  be  utilized  for  class  room 
space  by  enlarging  the  present  lecture  room  and  providing  another  smaller 
lecture  room.  We  are  required  to  seat  over  a  hundred  students  in  a  room 
provided  with  only  seventy-two  seats.  Furthermore,  we  have  to  undertake 
the  accomodation  of  two  or  more  classes  at  the  same  hour  with  only  one 
classroom  available.  An  animal  room  for  small  experimental  animals 
should  be  and  could  be  provided  at  slight  expense  between  the  main 
building  and  the  stables. 

I  take  pleasure  in  conmiending  all  those  who  have  assisted  in  the  teaching. 
Professors  Fabian  and  Mallmann  leave  nothing  to  be  desired  in  their  conduct 
of  the  main  student  laboratory  and  the  classes  in  general  bacteriologj'.  The 
former  has  progressed  well  in  the  development  of  a  course  in  industrial 
hygiene,  and  a  course  in  the  bacteriology  of  the  apiary;  the  latter  has 
developed  the  great  interest  of  the  engineering  students  in  sanitary  bacteri- 
ology. I^fessor  Ruehle  has  proved  a  well  qualified  teacher  in  dairy  bacteri- 
ology, both  of  veterinary  and  agricultural  students,  and  Mr  C'ooledge  of  grad- 
uate students.  Mr.  Tweed  has  demonstrated  outstandirg  ability  as  an 
instructor  in  general  bacteriology  and  as  an  inspiring  director  of  advanced 
students.  Mr.  Friedemann  has  assisted  in  the  student  laboratory  very 
satisfactorily.  Professor  Huddleson  has  had  charge  of  the  pathogenic  bac- 
teriology, serology  and  immunology  and  has  acquitted  himself  with  credit. 

It  is  planned  to  release  Mr.  Huddleson  from  ttarhirg  herfafter  and  place 
Professor  Stafseth  in  charge  of  this  phase  of  the  work.  I.rave  of  absence  was 
extended  Professor  Stafseth  till  July  1st.  Dr.  Snyder  had  charge  of  the 
winter  term  short  course  students  in  agricultural  l.acleriology.  He  is  an  excel- 
lent teacher  as  demonstrated  by  his  success  with  the  class. 

It  is  with  no  small  measure  of  regret  that  I  announre  the  retirement  by 
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resignation  of  Mrs.  Zac  Northrup  Wyant,  at  the  close  of  the  fiscal  year.  I 
shaU  take  occasion  to  apeak  of  her  work,  in  my  report  to  the  Director  of  the 
Experiment  Station.  When  I  took  charge  of  the  laboratory  in  1912  she  was 
engaged  in  research  exclusively.  Since  then  she  has  been  under  the  necessity 
of  teaching  many  classes  under  many  circumstances.  Without  fail  she  has 
measured  up  to  the  responsibilities  and  with  ability,  energy  and  rare  good 
nature  she  has  proved  what  had  already  been  demonstrated  in  the  field  of 
investigation,  that  in  the  students'  laboratory  she  could  command  the  respect 
of  and  stimulate  and  inspire  all.  Her  capacity  for  work  and  versatilitj-  -n  a 
setting  of  rare  good  humor  is  without  equal  in  my  experience.  She  leaves  a 
lasting  impress  on  this  institution  and  on  the  science  of  bacteriology. 

I  wish  to  thank  you  for  your  broad  minded,  generous  and  helpful  coopera- 
tion throughout  the  year. 

Respectfully, 

WARD  GILTNER, 
Professor  of  Bacteriology  and  Hygiene, 
East  Lansing,  Michigan,  June  30,  1921. 


REPORT  OF  THE  DEPARTMENT  OF  BOTANY. 

President  F.  S.  Kedzie, 

East  Lansing,  Mich. 
Dear  Sir : 

I  have  the  honor  to  present  to  you  the  following  report  for  the  Department 
of  Botany  for  the  year  closing  June  30,  1921. 

The  departmental  staff  remained  the  same  as  for  the  preceding  year  with 
two  minor  changes  as  follows: 

W.  D,  Mills  was  appointed  to  fill  the  half-time  graduate  assistantship  which 
it  had  not  been  possible  to  fill  the  preceding  year,  and  Misa  Bertha  A.  Hol- 
lister,  seed  analyst,  was  appointed  instructor  for  part  time. 

Although  there  was  a  marked  increase  in  the  number  of  students  taking 
botany,  as  regards  both  required  and  elective  courses,  yet  the  number  of  both 
fall  far  short  of  that  of  previous  years. 

Of  the  four  graduate  students  majoring  in  botany,  two  completed  this 
work  and  received  the  degree  of  Master  of  Science  with  thesfs  as  follows: 

Leo  Joseph  Klotz,  A  Study  of  the  Celery  Early  Blight  Fungus,  Cercospora 
apii  Fres. 

Lionel  Earl  Tisdale,  Bacterial  Soft  Rot  of  Lettuce. 

In  cooperation  with  the  Michigan  Geological  and  Biological  Survey  the 
study  of  the  flora  of  the  Upper  Peninsula  was  continued,  in  particular  that  of 
Gogebic  county,  and  of  a  portion  of  Baraga  county.  The  results  of  the  work 
in  the  summer  of  1919  were  published  in  the  twenty-second  report  of  the 
Michigan  Acatlemy  of  Science  by  As.sistant  Professor  H.  T.  Darlington,  under 
the  title  "Contributions  to  the  Flora  of  Gogebic  County,  Michigan", 

In  continuation  of  the  work  of  over  six  years  on  what  is  eventually  to  be 
published  as  a  "Flora  of  Michigan",  Profes.sor  Darlington  has  been  working 
over  the  large  family  of  gras.ses  aw  they  occur  in  the  State,  while  Miss  Thomp- 
son has  been  working  on  the  violets  of  thi-  State.  These  papers  have  not  yet 
appeared  in  print. 
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Throiigli  the  friciidly  ectoix-ratioii  of  amateur  and  professional  botanists, 
many  additions  have  boon  made  to  the  known  flora  of  the  State,  and  to  the 
knowledge  of  the  distribution  of  plants  within  the  State  borders. 

At  the  meeting  of  the  American  Association  for  the  Advanrement  of  h'cience 
and  affiliated  societies  at  Chicago  in  ]  Jccember,  the  Department  of  Botany  was 
represented  by  eight  of  its  members,  papers  l>eing  presented  by  five.  At  the 
Michigan  Academy  of  Science  meeting  in  April,  papers  were  presented  by  five 
from  this  department. 

Rcs]K-etfully  submitted, 
E.  A.  BESSEY, 

Professor  of  Botany, 
East  Lansing,  MichigiHi,  June  30,  1921. 


REPORT  OF  THE  DEPARTMENT  OF  CHEMISTRY. 

President  F.  S.  Kcdzie, 

East  Lansing,  Michigan. 
Dear  Sir : 

I  have  the  honor  to  submit  the  following  report  on  tlie  work  of  the  Depart- 
ment of  Chemistry  for  the  year  ending  June  30,  192L 

The  teaching  staff  for  the  year  was  as  follows: 

A.  J.  Clark,  Professor. 

R.  C  Huston,  Associate  profes.-ior. 
H.  S.  Reed,  Associate  professor. 

B.  E.  Hartsuch,  Associate  professor. 

D.  T.  Ewing,  Assistant  professor , 
H.  L.  Publow,  Assistant  professor, 
P.  S.  Brundage,  Astastant  profcsstr. 

C.  D.  Ball,  Instructor. 

E.  F.  Eldridge,  Instructor. 
H.  C.  Lange,  Instructor. 

H.  D,  Lightbody,  Instruetor. 
W,  C.  Lewis,  Instructor. 
H.  J,  Walker,  Instructor, 
R.  L.  Baxter,  Instructor. 
H,  M.  Krebs,  Instructor. 

It  has  been  very  giatifying  to  have  such  an  enthusiastic  and  loyal  group 
of  men  on  the  staff.  The  success  of  the  department  is  largely  due  to  the  fine 
spirit  of  cooperation  shown  by  every  member  of  the  force.  During  the  year 
Professor  Ewing  received  the  Ph.D.  degree  from  the  University  of  Chicago, 
A  numlK-r  of  the  other  men  in  the  department  are  pursuing  graduate  study 
at  various  universities,  and  I  believe  this  is  of  great  importance  in  keeping 
the  de])artnu'nt  work  on  a  high  plane. 

The  di'ijartmenl  is  working  luidiT  two  serious  handicaps.  First,  the  fact 
that  the  work  of  the  departnicnl  is  scattered  among  four  different  buildings. 
To  keep  tlio  dejKirtinent  a  well  organized  unit,  under  the.^e  conditions,  is 
difficult-  Second,  with  all  the  space  made  available  l>y  this  scattering,  wo 
ari'  ol  >ligcd  to  place  Jis  high  as  three  different  lines  of  work  in  one  laboratory. 
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There  is  great  need  of  a  new,  modern,  commodious,  chemical  labotiitory  build- 
ing in  order  that  the  work  in  this  science,  which  is  fundamental  to  all  the 
work  of  this  College  may  be  efficiently  carried  on. 

Forty-nine  courses  have  been  offered  during  the  year.     Tlic  number  of 
students  enrolled  in  the  department  during  the  year  is  as  follows; 

Summer  Term  1920 80 

Fall            "      1920 610 

Winter      "      1921 772 

Spring       "      1921 622 

Total 2984 

RcM|)cctfully  sxibmitted, 

ARTHUR  J.  CLARK, 

Professor  of  Chemistry, 
East  Lansing,  Michigan,  June  30,  1921.  . 


REPORT  OF  THE  DEPARTMENT  OF  HISTORY  AND  POLITICAL 

SCIENCE. 

President  F.  S.  Kedzie, 

East  Lansing,  Michigan. 
Dear  Sir: 

I  hereby  present  a  short  report  for  the  Department  of  History  and  Polit- 
ical Science.  The  courses  of  study  for  the  year  have  been  those  of  the 
past  few  years. 

The  department  has  presented  a  required  course  covering  the  history  of 
Europe  during  the  19th  century  to  freshmen  women  and  a  required  course  in 
contemporary  European  history  to  sophomore  women.  We  continue  to 
.think  that  as  a  minimum  requirement,  these  courses' are  well  worth  while 
for  all  college  students. 

Freshman  engineers  have  been  given  a  choice  of  courses  in  political  science 
and  19th  century  history  during  the  spring  term.  This  arrangement  is  not 
altogether  satisfactory  since  it  concentrates  the  work  in  a  single  term.  We 
believe  students  of  this  division  should  have  opportunity  sometime  during  the 
four  years  to  get  courses  in  history  and  political  science. 

The  balance  of  the  work  in  the  department  consists  of  junior  and  senior 
.electives  in  the  agricultural  and  home  economics  courses.  The  large  elections 
in  the  face  of  the  insistent  demands  of  the  technical  and  semi-technical  subjects 
upon  the  time  of  the  student,  is  a  source  of  satisfaction  to  the  department 
staff.  The  merits  of  this  work,  when  properly  taught  in  college,  are,  we 
believe,  beyond  question.  In  tliis  attitude  we  are  placing  ourselves  in 
accord  with  educational  thought  of  the  time. 

Instruction  has  been  given  with  two  purpose's  in  mind.  One,  that  the  work 
is  an  essential  basis  to  any  well-ostablishr<!  supci-sfructure  in  subjects  involv- 
ing social  and  economic  aspects,  in  any  large  degree,  and  quite  ncci'ssary  to 
any  well-rounded  education.  Si^cond,  that  the  key  to  the  understanding  of 
much  of  current  doings  in  the  world  at  any  time,  must  be  found  in  a  correct 
understanding  of  the  past.     Guided  by  these  two  motives,  we  seek  to  avoid 
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confining  the  students'  efforts  to  an  accumulation  of  factH,  merely;  in  fact, 
we  assume  the  possession  of  such,  as  far  us  possible,  through  earlier  training, 
and  devote  our  attention  to  those  interpretative  features  which,  for  the  most 
part,  establish  a  different  eoiiception  of  history  for  most  stu<lent8. 

In  the  light  of  such  considerations  wc  view  with  hearty  'approval  the  ten- 
dencies in  the  (.'ollege  which  point  toward  the  greater  opportunities  for  this 
tr^ning.  The  very  liberal  policies  exhibited  by  the  Home  Economics  and 
Agricultural  divisions  in  the  recent  revision  of  courses  are  cases  in  hand,  while 
the  newly  founded  Applied  ^'cienee  course  gives  splendid  recognition  to  the 
department  by  liberal  terms,  not  alone  in  the  acceptance  of  the  already  estab- 
lished courses  but  also  the  generous  provisions  for  new  courses.  This  seem- 
ingly is  the  tendency  of  training  in  these  days — even  in  the  highly  technical 
institutions. 

A  few  words  as  to  the  department  staff,  Mrs.  Mary  Hendrick  continues 
her  very  efficient  services  as  assistant  professor.  Mrs.  Hendrick  brings  to 
the  department  her  broad  mature  scholarship  and  exceptional  teaching  ability, 
'  and  thereby  becomes  an  indispensable  asset  to  the  department.  In  addition 
to  the  handling  of  a  heavy  classroom  program,  Mrs.  Hendrick  has  responded 
to  a  large  number  of  calls  from  women's  clubs  and  other  organizations  for 
addresses  upon  current  affairs.  Had  she  the  time  at  her  disposal,  a  large 
service  might  be  rendered  in  this  capacity. 

On  account  of  the  congestion  of  courses  in  the  spring  term,  it  has  been  neces- 
sary to  supply  additional  help.  For  this  purpose,  Mr.  Lu  Willson  of  Jackson, 
has  been  employed  during  the  spring  and  summer  terms,  during  which  time 
he  has  handled  courses  with  credit  to  himself  and  satisfaction  to  the  depart- 
ment. 

All  of  which  is  respectfully  submitted, 

E.  H.  RYDER, 
Professor  of  History  and  Political  Science. 

East  Lansing,  Michigan,  June  ;!0.  1921. 


REPORT  OF  THE  DEPARTMENT  OF  ECONOMICS. 

President  F.  S.  Kedzie, 

East  Lansing,  Michigan. 
Dear  Sir: 

The  following  is  the  report  of  the  Department  of  Economies  for  the  acad- 
emic year,  1920-'21. 

The  total  number  of  enrollments  in  the  department  for  the  year  equalled 
860,  distributed  as  follows: 

By  terms — Fall,  340;  winter,  245;  spring,  200;  summer,  75. 

By  classes — Seniors,  185;  juniors,  205;  sophomores,  ^1;  freshmen,  251; 
specials,  25. 

By  subjects — Economics,  755;  sociology,  85. 

The  total  mimlier  of  hours  taught  liuring  the  year  by  members  of  the 
department  equalled  1,305,  divided  ns  follows: 

By  terms— Fall,  411;  winter,  372;  spring,  312;  sununer,  210. 

By  subjects— Economics,  1,065;  sociology,  240, 

The  department  was  insufficiently|_manned  to  take  care  of  the  number  of 
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classes  which  the  increasing  j^cst-war  iittcndance  put  upon  it.  It  is  desired, 
therefore,  to  express  very  coidially  our  gratitude  to  Professor  H.  M.  Eliot 
for  his  services  in  teaching  a  class  each  term  of  the  year  in  economics. 

The  growing  and  well-deserved  interest  in  marketing  farm  products  has 
received  due  appreciation  this  year  by  the  appointment  of  a  specialist  in  this 
field  of  study  as  an  associate  in  this  department.  Professor  J.  T.  Horner,  of 
Oklahoma,  recently  from  Columbia  University,  was  the  selection  of  the  State 
Board  of  Agriculture  for  this  position.  Professor  Homer  has  had  a  long  ex- 
perience both  in  teaching  and  practicii?g  marketing  so  that  the  department 
may  consider  itself  fortunate  in  securing  his  services.  Professor  Dunford 
has  ^ven  his  usual  loyal  service  to  the  College  and  to  the  department 
throughout  the  year. 

licspcctfully  submitted, 

WILBUR  O.  HEDRICK, 

Professor  of  Economics. 
East  Lansing,  Michigan,  June  30,  1921. 


REPORT  OF  THE  DEPARTMENT  OF  ENGLISH   AND  MODERN 
LANGU.\GES. 

President  Frank  S.  Kediiie, 

East  Lansing,  Michigan. 
Dear  Sir : 

I  have  the  honor  to  submit  the  following  report,  upon  the  work  of  the  De- 
p^ment  of  English  and  Modern  Languages  for  the  year  ending  June  30, 
1921. 

The  table  below  shows  in  convenient  form  the  niunber  of  students  enrolled 
in  the  department  during  the  year.  It  will  be  noted  that  Spanish  was  taught 
during  only  the  winter  and  spring  terms.  Instruction  in  this  language  was 
added  at  the  beginning  of  the  winter  term  as  a  three-credit  elective  for  senior 
engineers,  and  for  juniors  and  seniore  in  the  Division  of  Agriculture  and  in 
that  of  Home  Economics. 
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The  teaching  staff  for  the  year  was  as  follows: 
W.  W,  Johnston,  Professor  of  English  and  Modern  Languages. 
E.  S.  King,  Associate  Professor  of  Public  Speaking. 

Mrs.  N.  L.  G.  Rosetioom,  R.  B.  Weaver,  Assistant  Professors  of  English. 
L.  C.  Hughes,  0.  M.  Lebel,  Assistant  R-ofessors  of  French.  iOOqIc 

P.  R.  Brees,  Assistant  Professor  of  Public  Speaking.  '        o 
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L.  B.  Mayne,  L.  J.  Davidson,  A.  H.  Nelson,  D.  C.  Limbaugh,  G.  S. 
Grcpnc,  Instructors  in  English. 

F.  E.  Bro^vn,  Instructor  in  Public  Speaking,  (winter  term). 

Of  the  teaching  staff  named  above  three  have  been  members  of  the  depart- 
ment for  but  one  year,  Tliese  are  Mr.  Paul  R.  Brees,  Mr.  Guy  S.  Greene,  and 
Mr.  Denton  0.  Limbaugh. 

I  engaged  Mr.  Brecs  after  Associate  Professor  C.  B.  Mitchell  resigned  in 
the  summer  of  1920  to  aceept  the  professorship  of  Public  Speaking  in  the 
Oregon  Agricultural  College  at  a  salary  much  larger  than  we  were  paying  him, 
Mr.  Brees  received  the  degree  of  Bachelor  of  Arts  from  the  University  of 
Illinois  in  1918;  While  in  the  luiiversity  he  was  a  member  of  two  debate 
teams  which  defeated  teams  from  the  University  of  Iowa  and  the  University 
of  Michigan.  Before  coming  to  Michigan  Agricultural  College,  Mr.  Brees 
was  head  of  the  Department  of  Public  S]>eakiiig  in  Friends  University,  of 
Wichita,  Kansas,  where  his  teams  won  the  championship  of  the  Kansas 
Intercollegiate  Debate  I-eague,  Mr.  Brees  has  <ione  high^ade  work  for  us 
in  every  way. 

Mr,  Greene  obtained  his  Bachelor's  <iegree  from  Hobart  College  in  the 
spring  of  1920.  I  engaged  him  for  an  instructorship  before  his  graduation, 
and  immediately  after  receiving  his  degree  he  entered  the  graduate  school  of 
Cornell  I'niversity  in  order  that  he  might  take,  during  the  summer,  work  which 
would  especially  prepare  him  for  teaching  in  the  Michigan  Agricultural  Col- 
lege.    He  has  proved  himself  to  be  a  very  valuable  teacher. 

Mr.  Limbaugh,  the  third  new  man,  has  his  Bachelor's  degree  from  the 
Texas  Christian  University  and  his  Master's  degree  from  the  University  of 
Chicago. 

Two  members  of  this  year's  staff  have  resigned.  Mr.  Limbaugh  will  return 
to  the  University  of  Chicago  to  continue  work  for  the  degree  of  Ph.D.  in  Eng- 
lish. Mr,  L.  J.  Davidson,  who  came  to  M.  A.  C,  from  an  instructorship  in 
the  State  College  of  Pennsylvania,  and  who  has  been  a  member  of  the  depart- 
ment for  two  years,  resigns  in  order  that  he  may  take  graduate  work  in 
English  in  the  University  of  Michigan.  He  spent  last  summer  in  graduate 
work  in  the  university,  and  he  finds  that  in  all  probability  he  can  obtain  the 
degree  of  Ph.D.  after  one  more  year,  as  he  now  has  the  degree  of  Master  of 
Arts  from  the  University  of  Illinois  and  a  similar  degree  from  Harvard.  It  is 
with  great  regret  that  I  lose  Mr.  Davidson.  During  his  two  years  in  Michigan 
Agricultural  College  he  has  won  the  favorable  opinion  of  those  who  have  come 
into  contact  with  him.  He  is  by  nature  and  by  training  especially  well 
ailaptcd  to  the  teaching  profession,  and  is  a  young  man  of  fine  character  and 
influence. 

As  in  other  years,  I  wish  to  report  to  you  the  outcome  of  the  various  con- 
tests conducted  by  the  English  department.  The  winner  of  the  George  E. 
Lawson  Prize  Essay  Contact  this  year  was  Herman  E.  Segelin,  a  junior. 
The  title  of  Mr.  Segelin's  essay  is  "Tennyson  and  Evolution."  The  essay  is  a 
thoughtful  and  well-written  piece  of  work.  It  is  the  outgrowth  of  a  special 
study  of  Tennyson  which  Mr.  Segelin  made  in  the  summer  of  1920  after  having 
taken  the  course  in  Tennyson  in  the  spring  term  of  that  year.  This  essay  is 
printed  in  the  commencement  niunber  of  the  M.  A.  C.  record.  The  judges 
of  the  contest  were  Professor  S.  F.  Gingerich  of  the  University  of  Michigan, 
Thomas  M.  Johnson,  and  Milton  Simpson,  Professor  of  English  in  Kala- 
mazoo College. 

Both  first  and  second  prizes  in  the  Eunomian-Holcad  Contest  were  won  this 
year  by  Miss  Ruth  I^chlitner.     The  first  i)rize  of  $25,  was  awarded  to  her 
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for  a  poem  entitled  "The  Factory"  and  the  second  prize,  of  $10,  for  a  poem 
entitled  "To  The  Wild  Rose".  1  sent  the  poem  ivinning  the  second  prize  to 
Contemporary  Verse,  and  it  was  accepted  for  publication.  Others  who  won' 
prizes  in  this  contest  were  Mr.  Fred  Hciishaw  and  Mr.  H.  E.  Laing.  The 
judges  of  the  contest  were  Dr.  Dorothy  Scarborough,  who  is  a  member  of  the 
faculty  of  Cohimbia  University  and  who  is  well  known  as  a  poet  and  author 
of  short  stories,  Howard  Brubaker  who  is  one  of  the  best  known  short  story 
writers  of  the  United  States,  and  John  Muirhcad,  Pi'ofessor  of  English  in 
Hobart  College. 

The  Lawson  Contest  and  the  Eunomian-Holcad  (.'onttst  serve  as  valuable 
incentives  to  our  students  and  have  resulted  in  the  production  of  some  highly 
creditable  essays,  stories  and  poems.  It  will  be  recalled  that  a  number  of 
poems  for  the  latter  contest  have  been  published  in  "Poets  of  the  Future," 
an  annual  anthology  pnblished  by  the  Stratford  Company  of  Boston.  It  will 
be  recalled  also  that  R.  S,  Clark's  winning  poem,  "Rime  of  the  Plowman," 
was  purchased  by  the  American  Magazine.  Through  a  bequest  left  by  Mr. 
George  E.  Lawson,  the  permanence  of  the  Lawson  Contest  has  been  provided 
for.  It  would  be  an  excellent  tiling  for  Michigan  Agricultural  College  if 
friends  of  the  institution  would  provide  a  fund  which  would  insure  the  per- 
manence of  Eunopiian-Holcad  Contest.  At  present  this  contest  is  maintained 
only  through  appropriations  made  annually  by  the  Eunomian  Literary  Society 
and  the  Holead  management. 

This  year,  as  has  been  our  custom  for  seven  years,  we  debated  Iowa  State 
College  and  Purdue  University.  For  the  first  time  in  four  years  we  lost  our 
debates.  The  question  for  debate  was,  "Resolved,  that  the  United  States 
should  adopt  the  cabi net-par liamentarj'  system  of  government".  The 
young  men  representing  Michigan  Agricidtural  College  were  Arthur  Dela- 
marter,  Howard  Chapel,.  H.  K.  Menhenick,  Victor  Whittemore,  S.  P.  Nelson 
and  J.  B.  Lazell.  The  first  three  constituted  our  affirmative  team,  which 
met  Iowa  State  College  upon  our  home  platform.  The  last  three  supported 
the  negative  of  the  question  and  met  Purdue's  affirmative  t*am  at  Lafayette. 
We  lost  each  debate  by  a  2-1  decision.  Although  we  were  not  victorious 
this  year  we  have  every  reason  to  congratulate  ourselves  upon  the  work  of 
our  debaters.  Each  of  our  six  men  was  making  his  first  appearance  in  inter- 
collegiate debate,  and  eacli  acquitted  himself  well.  Our  men's  analysis  of 
the  question  was  good  and  their  presentation,  of  the  argument  pleasing. 
Much  credit  is  due  to  Professor  Brees,  who,  as  coach  of  the  teams,  prepared 
them  for  the  contest.  In  connection  with  out  forensic  activities  I  am  greatly 
pleased  to  inform  you  that  Michigan  Agricultural  College  has  lieen  granted 
a  chapter  of  Pi  Kappa  Delta,  a  national  fraternity  of  high  standing. 

Special  mention  should  be  made  of  the  commencement  play  "Ingomar" 
given  by  the  M.  A.  C.  Dramatic  Club  under  the  direction  of  Associate 
Professor  E.  S.  King.  Almost  a  thousand  people  saw  the  performance, 
every  seat  being  taken.  The  performance  was  of  a  high  order  of  merit  and 
reflects  great  credit  upon  Professor  King  and  the  Dramatic  ("^lub.  The  part 
of  Ingomar  was  taken' by  Mr.  D.  V.  Stecre,  that  of  Parthenia  by  Miss 
Mary  Emily  Ranney. 

On  the  whole,  the  year  just  closing  has  been  one  of  the  best  the  department 
has  ever  known.  Relative  smallness  of  freshman  sections  has  enabled  us  to 
do  much  better  teaching.  We  have  been  able  to  see  students  improving 
steadily  from  week  to  week. 

Among  elective  courses  special  mention  should  be  made  of  Professor 
Weaver's  work  with  senior  engineers.     These  courses,  given  this  year  for  the 
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first  time,  proved  their  worth  so  decisively  that  after  the  first  three  or  four 
weeks  the  expected  doubtful  attitude  of  students  changed  to  one  of  hearty 
appreciation.  As  I  have  considerable  knowledge  of  the  difficulties  which 
teachers  of  English  have  to  face  in  meeting  junior  and  senior  ergineers  in 
various  institutions,  I  feel  that  in  making  a  success  of  the  work  Professor 
Weaver  has  conclusively  proved  his  ability  to  master  difficult  situations. 
This  is  all  the  more  notable  from  the  fact  that  he  did  not  win  his  success  by 
giving  the  engineers  exactly  what  they  wanted.  Though  a  certain  part  of 
the  work  may  be  classed  as  "practical",  he  gave  them,  especially  during  the 
spring  term,  literature  which  would  tend  to  lead  them  out  into  broad  and 
vital  human  relations.  He  treated  them  not  wholly  as  engineers  or  as  men 
seeking  to  qualify  for  the  largest  possible  salaries,  but  as  citizens  and  as  men. 
That  students  responded  to  this  manner  of  approach  is  highly  creditable  to 
them  as  well  as  to  their  teacher. 

In  closing  I  wish  to  express  my  appreciation  of  the  loyal,  faithful  and 
efficient  work  of  the  members  of  my  department.  I  wish  also  to  express 
genuine  and  hearty  appreciation  of  the  backing  which  your  administration 
has  given  me.  As  I  contemplate  your  retirement  from  the  presidency  of  the 
College  I  do  so  with  the  grateful  consciousness  that  in  one  respect  in  partic- 
ular you  have  supported  me  without  fail;  by  word  and  act  you  have  stood 
behind  me  in  my  endeavor  to  obtain  the  best  men  for  my  department. 
In  consequence,  I  can  say  that,  in  spite  of  the  extreme  and  growing 
scarcity  of  good  teachers  of  English,  the  personnel  of  the  depaitment  has 
grown  stronger  year  by  year. 

Very  respectfully  submitted,  * 

W.  W.  JOHNSTON, 
Professor  of  English  and  Modern  Languages. 

East  Lansing,  Michigan,  June  30,  1921. 


REPORT  OF  THE  DEPARTMENT  OF  MATHEMATICS. 
President  F.  S.  Kedzie, 
Dear  Sir: 

I  have  the  honor  to  submit  for  your  consideration  the  following  report  on 
the  work  of  the  Department  of  Mathematics  for  the  year  ending  Jime 
30, 1921. 

During  the  year  the  teaching  staff  of  the  department  was  as  follows : 

L.  C.  Plant,  Professor. 

L.  C.  Emmons,  Associate  professor. 

G.  G.  Speeker,  S.  E.  Crowe,  V.  G,  Grove,  T.  O.  WaHon,  F.  E.  Wood, 
assistant  professors. 

C.  T.  Burner,  W,  H.  Lyons,  instructors. 

Mr.  T.  O.  Walton  took  up  his  work  with  us  at  the  beginning  of  the  fall  term 
and  Dr.  F.  E.  Wood  and  Mr.  W.  H.  Lyons  came  into  residence  at  the  beginning 
of  the  winter  term. 

During  the  year  Professor  Emmons  has  not  only  done  his  usual  amount  of 
teaching,  but  also  has  taken  care  of  a  large  amount  of  statistical  work  that 
has  been  referred  to  him  by  different  departments  of  the  College. 

The  staff  has  continued  its  bi-woekly  lectures  on  advanced  work  in  mathc- 
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inuticM  tliruuphout  the  year.     Otlicr  (lcpartm(.'iitsof  tlic  College,  as  ^vell  lis  the 
Department  iif  Mathematics,  have  availed  themselves  of  these  lectures. 

The  tolal  mimlicr  of  stmlents  taking  mathematics  during  the  year  was 
1,595,  divided  among  the  different  terms  as  follows:  Fall,  468;  winter,  548; 
spring,  466;  summer,  113.  The  total  number  of  class  periods  for  the  year 
wa8413, divided  amdngtht'diffcrtnttcrmsasfollows:  Fall,  130;winter,  121; 
sprirg,  107 ;  summer,  55. 

Respectfully  submitted, 

L.  C.  PLANT. 

Professor  of  Mathematics. 
East  Lan^ng,  Michigan  June  30,  1921. 


REPORT  OF  THE  DEPARTMENT  OF  ENTOMOLOGY. 

President  F.  S.  Kcflzic, 
Dear  Sir: 

Following  is  a  brit  f  ri  j  <irt  of  the  work  of  the  Department  of  Entomology 
for  the  ytar  erdii  (.,  Jiii  e  30,  1921. 

During  the  yair  <  f  H)20  and  '21  one  new  instructor  was  taken  into  the 
department,  Mr.  1  .  <!.  Genti  cr,  who  ccmes  here  from  the  University  of 
Wisconsin,  win  rt  !  <  st  r^"ed  as  special  agent  for  the  Federal  Bureau  of  Entom- 
ologj',  working  uv  truck-garden  jiisectf. 

Mr.  J.  L.  L.  I'T;;i?k  l:!is  occupied  tlw;  position  of  half-time  graduate  assistant, 
being  assigned  fcr  tbc  year  to  parasitology. 

On  August  1st  the  writer  was  given  leave  of  absence  until  the  following 
November  for  the  purpose  of  collecting  in  Florida.  During  that  time  the 
work  was  in  charge  of  Miss  E.  I.  McDaniel,  who  ably  carried  on  all  the  extra 
duties  occasioned  by  the  absence  of  the  writer. 

During  the  year  the  following  courses  were  given: 
Summer  term  1920: 

Ent.  I — Introductory. 

Ent.  V — Classifi(  ation  of  insects. 

Fall  term,  192(1. 
Ent.  Ill — Field  crop  insects. 
Ent.  Va  and  b — Classification  of  insects. 
Ent.  VIII— I'arcsitology. 

Ent.  IXa — Apiculture,  elective. 
Ent.  Xlv— Apiculture,  (option). 
Ent.  100— Ora<!uate  work. 
Ent.  101 — Craduate  work. 

Winter  term,  1921: 

Ent.  XII — Systematic  entomology. 

Ent.  IV — Forest  ins<'cts. 

Ent.  X< — Apiculture  (option). 

Ent.  XI~IIi)ii.-.elH>l.l  insects, 

Ent.  Va  and  b-    Studv  of  scale  insects. 

Ent.  100— tiraduate  work.  DicitizecoGoOQle 

Ent.  101— Graduate  work.  '  o 
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Short  course  poultry. 
Short  course  fruit  insects. 
Short  course  apiculture  for  horticulturai  men. 

Short  course  general  entomology  for  men  in  general  agriculture  16  weeks' 
course  and  8  weeks'  course. 

Spring  term,  1921 : 
Ent.  I — Introductory  entomology. 
Ent,  V— Systematic  entomology. 
Ent,  Xa— Apiculture  (option). 
Ent.  Xd— Apiculture  (option). 
Ent.  IXb — ^Apiculture  elective. 
Ent.  II — Fruit  insects. 
Ent.  100— Graduate  work. 
Ent.  101 — Graduate  work. 

The  reference  collection  is  constantly  absorbing  time  and  effort  in  the 
attempt  to  increase  its  usefulness. 

Many  Federal  Students  are  finding  congenial  work  in  the  study  of  bees. 
Michigan  Agricultural  College  enjoys  a  splendid  reputation  along  this  line. 
The  new  State  Department  of  Agriculture  which  lias  just  been  organized  is 
taking  over  the  State  apiary  inspection  and  relieving  this  department  of 
further  responsibility  in  the  matter.  Mr.  B.  F.  Kindig,  for  several  years, 
State  inspector  and  instructor  in  the  College  goes  to  them.  The  work  in  the 
College  will,  however,  be  carried  on  in  much  the  same  manner  by  Mr.  R.  H. 
Kelty. 

Respectfully  submitted , 

R.  H.  PETTIT, 

Professor  of  Entomology. 
East  I.Ansiiig,  Michigan  June  30,  1921. 


REPORT  OF  THE  MILITARY  DEPARTMENT. 

The  President,  Michigan  Agriculture  College, 
Dear  Sir: 

I  have  the  honor  to  make  the  following  brief  report  for  the  Department  of 

Military  Science  for  the  year  closing  June  30, 1921, 

I,  EQUIPMENT. 

This  has  gained  little  during  the  j-car  as  the  War  Department  has  issued 
practically  all  that  the  law  permits.  According  to  various  inspectors  who 
iiavc  visited  us  the  past  eight  months,  we  are  better  equipped  than  most  of 
the  other  institutions.  The  main  lack  is  in  motor  transport,  two  trucks,  a 
passenger  car,  and  a  motor  cycle,  for  the  work  in  coast  artillery.  Two  trucks 
were  borrowed  from  the  Olds  and  the  Reo  on  my  own  and  Dr.  Kedzie's 
request,  for  instruction  during  the  latter  part  of  the  spring  term.  Pressure 
sliould  be  brought  to  bear  through  proper  channels  to  secure  from  the  War 
Department  our  authorized  vehicles. 
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II.  UNIFORMS. 


These  were  in  the  main,  very  satisfactory,  both  in  quality,  6t  and  quantity. 
Unfortunately  the  spasm  of  economy  has  resulted  in  the  elimination  of  shoes 
as  an  article  of  issue,  a  matter  of  great  regret.  The  indications  from  Wash- 
ington are  that  we  will  be  compelled  to  re-issue  to  the  students  next  year, 
especially  the  returned  ones,  the  uniforms  which  they  wore  last  year.  The 
student  will  be  obliged  to  have  the  uniform  -cleaned  and  pressed  at  his  own 
expense  in  order  that  it  may  be  presentable  for  every  day  wear. 

in.  THE  UNITS. 

Some  friction  developed  in  the  cavalry  unit  during  the  year  as  two  of  the 
officers  proved  unsuited  to  their  work  and  I  was  compelled  to  ask  for  their 
relief  from  duty.  Major  J.  J.  Teter  has  proven  quite  satisfactory  since 
his  arrival  here  in  1919  and  Major  Garr,  just  arrived  in  April,  1921,  has  taken 
hold  in  earnest.  We  are  now  in  receipt  of  orders  for  two  cavalry  captains  to 
report  in  August  and  another  captain  of  infantry,  is  promised  if  obtainable. 
These  extra  officers  enable  us  to  have  smaller  classes  and  give  more  personal 
attention  to  the  instruction  of  the  individual.  No  annual  inspection  was  made 
this  year  and  therefore  no  report  from  Washington  can  be  rendered.  Person- 
ally, I  believe  that  the  work  of  the  year  has  shown  a  distinct  gain  over  the  year 
before. 

IV.  THE  AHMORY. 

Floor  apace  is  inadequate  and  efforts  should  be  made  to  obtain  a  suitable 
building,  either  through  State  appropriation  or  donation  from  some  wealthy 
individual.  We  overflow  into  a  ba.sement  room  in  the  Gymnasium  and  have 
to  call  on  the  registrar  for  the  assignment  of  rooms  in  other  builduags,  in  which 
we  cannot  take  or  use  the  technical  material  of  the  department. 

v.  THE  BUDGET. 

Last  year  the  State  Board  inadvertently  omitted  from  their  allowances  the 
salary  of  our  armorer-janitor.  This  important  employee  who  had  to  be  con- 
tinued on  the  payroll  and  at  $1,500,00  per  year,  caused  our  budget  to  show  a 
deficiency  of  practically  that  amount  on  July  1st.  Otherwise,  we  kept  exactly 
within  our  allowances. 

VI.  EXTRANEOUS  ACTIVITIES. 

A.  Rifle  club.  Membership  this  year  ran  close  to  400,  including  men  and 
women  students,  and  faculty.  The  department  bought  and  sold  to  the 
members,  at  cost,  about  70,000  rounds  of  ammunition  and  expended  about 
120,000  rounds  government,  without  cost.  Medals,  dinner  and  other  prizes 
were  awarded  to  winners.  A  sterling  silver  loving  cup  costing  $105.00  was 
placed  in  contest  among  the  fraternities  to  be  won  three  years  for  permanent 
possession.     The  cup  was  taken  this  season  by  the  Orphic  Society. 

B.  Girls  classes.  Five  classes  of  girls  aggregating  90  members  were  or- 
ganized by  Miss  Grimes  in  rifle  firing  during  the  winter  term.  Gold  and  silver 
medals  were  awarded  wimiers. 

C.  Affiliation  with  the  National  Rifle  Association  was  renewed  last  year, 
but  while  we  fired  the  entire  series  of  ten  contests,  no  reports  have  ever  been 
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published  of  t\w  results.     Next  year  we  pluii  to  uwurd  suLt!il>!e  sweaters  to 
members  of  the  N.  11.  A.  team. 

D.  A  theater  party  was  held  at  tlie  Bijou  in  tho  fall  term  with  about  200 
in  attendance,  at  which  performance  the  sponsors  attended. 

E.  Sponsors  were  chosen  early  in  the  fall,  one  for  corps  and  one  for  each 
unit.  The  purpose  is  to  bring  the  young  ladies  into  closer  touch  and  greater 
sympathy  with  the  Military  department  and  to  encourage  them  to  use  the 
advantages  offered  therein. 

F.  Dance.  A  corps  dance  was  held  the  night  of  Washington's  birthday 
at  the  Gymnasium.     About  300  couple  were  present. 

G.  An  annual  field  day  was  instituted,  to  be  held  close  to  the  end  of  the 
spring  term.  Contests,  partly  military,  partly  athletic  in  character,  of  a 
nature  that  would  be  equal  for  all  three  units,  were  staged.  The  meet  was 
won  by  the  cavalry  unit  and  a  silk  guidon  presented  to  be  carried  by  that 
miit  at  all  formal  functions  until  the  next  meet  when  they  must  defend  their 
title. 

■  VH.  ATTENDANCE. 

Attendance  opened  in  the  fall  term  with  about  500  but  owing  to  the  liberal 
policy  of  the  department  in  granting  credits  to  the  ex-service  men,  attendance 
dwindled  rapidly,  leaving  us  at  the  end  of  the  year  with  376  enrolled,  receiving 
grades.  The  elective  work  carried  with  it  33  students.  Next  year's  rolls 
show  56  new  electives,  making  the  junior  and  senior  year  students  86  strong 
who  will  be  receiving  commutation  of  ration?.  With  the  less^uDg  of  the 
numbers  of  ex-service  men  entering  as  freshmen,  this  department  will  pick 
up  rapidly  in  size. 

Respectfully  submitted, 

P.  G.  WRIGHTSON, 

Major,  U.  S.  A. 

East  Lansing,  Michigan.  June  30,  1921. 


REPORT  OF  THE  DEPARTMENT  OF  METEOROLOGY. 

Preadent  F.  S,  Kedzie, 

East  Lansing,  Michigan. 
Dear  President  Kedzie: 

I  have  the  honor  to  report  as  follows  regarding  the  work  of  the  Department 
of  Meteorology: 

Twelve  students  enrolled  for  instruction  in  meteorology  during  the  spring 
term,  1921.  As  usual  the  practical  side  of  the  subject  was  emphasized. 
Students  were  taught  to  carefully  observe  and  correlate  atmospheric  condi- 
tions, each  student  making  a  complete  record  of  weather  conditions  for  one 
month  from  his  own  observations  of  temperature,  pressure,  wind  velocity 
and  direction,  humidity,  rainfall,  clouds,  etc.  Instruction  was  given  in  fore- 
casting from  local  conditions  also  with  the  aid  of  weather  mar-s. 

Unfortunately  many  students  who  woukl  like  to  take  the  course  in  meteor- 
ology are  prevented  from  doing  so  by  conflicts  with  other  subjects  scheduled 
for  the  same  hours  one  or  more  days  in  the  week.  Several  came  to  me  to  see 
if  some  other  hours  could  not  be  given  to  meteorology.     Three  to  four  or  fiv£ 
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p.  m.  seems  to  be  a  time  when  more  students  are  engaged  in  laboratory  work 
or  class  recitations  in  required  subjects  than  at  other  hours.  From  a  study 
of  the  schedule  it  is  thought  that  the  hours  from  10  to  11  a.  m.  or  12  noon 
might  result  in  fewer  conflicts  if  the  course  in  Meteorology  was  changed  to 
that  time. 

Very  respectfully, 

D.  A.  SEELEY, 

Instructor  in  Meteorology. 
East  Lansing,  Michigan,  June  30,  1921. 
17 


c  by  Google 


cb,  Google 


METEOROLOGICAL  TABLES. 


cb,  Google 


Digilizccb,  Google 


,  MBTEOROLOGICAX.  TABLES. 
MONTHLY  METEOROLOGICAL  SUMMARY,  UNStNG.  MICHIGAN,  JL'LV.  I 


TtmpnliiK 

ThiamoDlbiiiin 

1863. 

ChiTKlaof 

D>t<, 

'ini: 

U«ot. 

Mun. 

Veu. 

prcdpU- 

s? 

M 

m 

T. 

^.^ud.: 

M 

8«3 

My"'™* 

S 

[* 

M 

S8 

2« 

IJ 

IS 

0 

a-'^ 

MO 

MO 

gjllyclQudx... 

T, 

Bar 

SJ 

s 

■     0  01 

S 

B90 

31 

7fl 

St 

M 

008 

30 

!Si 

J  88 

«7  3 

Wu 

™.,. 

1902 

joos 

M.B 

S7i 

^"^ 

11 

s,™.. 

™. 

ISis 

s: 

ei 

1020 

niiniul  Tor  ngntri,  7U.II';  mirm  or  deluWK 

>vtn»  daily,  luat  ccrioil.  —2^;  hubait  i 

P»cinT.TiuH  (in  inchal-ToUlviiDunt, 

WlNI>~Pnnilii«  dirtcUon.mlliwst;  M 


«:  higriMt.  30.23  incbn. 


2«(h:  hnnal.  WM  inchrs.  on  23rd, 
HE.  m-,  00  am;  gmint  daily  rangr.  31*.  on  Xlh;  Inul  < 
tlili  UDnlli,—  3.A*;  ncFUBiiilalHl  cirh  or  ilrRi'iriKy  sii 
3S  yam.  102°.  lownt.  37'. 

1-01;  nomul.  3,22;  nnvB  or  doRnm''vr  hill  mnnih  —A.^l-.n 
in  I8th:  total  anawfall,  0.0  in 
il  moKHiKnl.  3,3M  mila:  avt 

m.!,  8.12.18.21.  23.  2«.3( 


IT,  10;  lunar.  0;  Iroat:  killing,  0;  hrar 

dkwi.:y  a.skelkv. 


STATE  BOARD  OF  AGRICULTURE. 

MONTHLY  METEOROLOGICAL  8UMMART,  LANSING.  MICHIGAN.  » 


Msn  hniHl  tcmpenlun 
Mtui  Mmiwniure  for  nu 
Total  fncijilatioD  Im  m 


Nnmberdiriclnr... 
lyily  cloudy'.'.!! 


Pinl/ckHiilx.,. 
Hrily  dmir . . . 
Firtlvcloudr... 
IVtlyeloiKly... 
Pin^ekiiHly... 

Partly  ehiudy .'. . 

Clmr  

Partly  ckmdy . . . 

Ooaay 

CloHdj' 

ftatly  cloudy. 
Clouay  .     .       . 

Ocai 

Cltar 

Clear 

Partly  domly... 

Putly  cloudy . . . 
IWtly  ckmdy... 

Clau 

CieM- 

Furtlr  cloudy... 

Cloudy , . 

Partly  rfoudy.  ' 

CiMdy 

Clear 

Partly  cloudy... 


Tlii)  noBtli  nan  ISU. 


PmciHTAiioH  (in  incheo)— Toul  an        .... 
greatest  UHMnt  in  any  U  liour  period.  0.62.  on  6th;  total  eaovfall,  0.0  in. 
Wlim— Ftev^Noi  direction,  nortb;  total  noovenkent,  3JIU  railei;  aveisfe  Koorly  velo< 

Avm  Ik*  BArthwHl  AB  f !Uh 

fl.lO.I3,2a^liali»:iu 


Metoondofljl.i 


METEOROLOGICAL  TABLES. 
HOKTHLY  METEOROLOGICAL  3DMMARY.  LANSING,  MICHIGAN.  SEPTEMBER.  1920. 


T«npH»«i« 

Thi. 

EBonthnnc* 

1863. 

Poroenl- 

IdS^ 

.=S. 

Mean 

Tirf.1 

HigW. 

Lonu. 

M«ii. 

Yar. 

'*nirt!*' 

[»«iliitii- 

7, 

« 

60 

32 

18» 

100 

ia-6 

'S 

S 

s*;(i 

»«::: 

K 

S! 

aiiB 

S?  6 

t  73 

0  80 

'^1  "6 

032 

if. 

I 

M2 

s™« 

«. 

|i 

3.33 

64 

IMO 

842 

1  28 

umn— Mean,  30.02  incKa^  hiihal.  30.34  inchta.  on  3rd:  lumit.  29.«B 
uiTUM— Hi«hEM,  ei*,  on  2&tE:  lowut.  3r,  dd  30th;  gralat  iliily  ni 
lor  nunlb.  ei.C*:  eiccn  or  deliiii«icy  thl>  month.  +2.6°:  aMumuUld 
J.ily,  nma  poriod,— 1.6';  highnl  in  35  y«nj.  99'.  kiWBt.  2i°. 
inT>TioH<iniiieh«)— TotaJunount.  i.20:Di)niial.2.a2:eic»iord^ciei 
.  unoimt  in  iny  24  hour  jicHod,  0.S8,  on  Ijlh:  loUl  snowfalJ.  0.0  in. 
I — Pnvailing  oinetLon,  souLh;  toLal  mnvemenC,  3.283  duIh;  avcn^p  ho 

BUT—Aururai,  7:ilEnaF  Fug.  0;  thundentonns.  9,  II,  15,  2i,  27;  hsiot; 


;ice<H  or  deficiency  since  Janiuo'  lit.  —£23°: 
rthiinionth,— l.3«:sin«Januiry  lit.— 3..^1I: 
■\y  lelscily.  4.6  nula;  mailmum  velocity.  22, 
liar.  27;  lunar.  22;  frcxi:  killing.  0;  heavy,  30, 


c  by  Google 


STATE  BOARD  OF  AQHICULTURR 

UONTHLV  UETEOROLOOICAL  SUMMARY,  UNSINfl,  UICBIQAN.  OCTtfflER.  ISK. 


Ooudy 

Cl«r 

IVlIy  cloudy.. 

t*« 

hnljidouily.. 

Cl(«f 

Clar 

Cl«f 

Cloudy".""!!!; 
PwUxekudy  . 

Ckir.... 

PwUy  cloudy.. 
I^rtlrelou^.. 
FtnhOoaiy  . 

Cloudy! ! !  ■ ! ! ! 

FWilycbuiiy.. 
IWUytloudy  . 

CWr!".'.!!!!!! 

Fulbcliiwbr.. 

Cloudy!!!!!!!! 
Cloudy 

Cloudy 

Cloudy!!!!!!!! 

Ctai- 

ciowir 


ToUl  ^nopUIioii  (or  m 


no% 


a.  SO-W  UkIh:  bidm.  XA9  idcIh.  ot 

„wki*  M*.  "  2^^:  >""»■  28*,  on  301 

■ath.  ISJT:  cim  or  dD6ciMcy  Ihit  mHitb,  -t 

■•«■(«  ouiy.  mae  pMnl  —O.S*.  bi(lwi  In  Ij  yiui  M°:  I 

P»»cBmT«iii(iBi»tlMi— Touluooum,  l.37;Bonii»l.  aj 

tiKUat  UDOunl  in  »»  24  bour  naml.  U.U.  on  25tb  vul  Ml 

Wm—FRniliiit  ilKcuia.  Hoibnac  (sul  morancBi.  i, 

fniBlkcKiutli.o*ISlk. 

Dinaar— AiinirH.(l^diiHEti«,  12,  IT;  Lkundcntoniw,  10 


■naUH  dniiy  ruft.  U'.  hi  Tlh:  Inal  lUly  tvn,  11*.  «  Ml 
S°.'  iwmublnJ  cinm  or  ikfici«>cy  liii^uiiwy  lit.  —Mr 
«l.  ID*. 

iiRiiarcbGtwnry  ihinnonlK,  -OJSiamJuuuy  lit. — t.ti 
(ouJuo*Ul.  T. 
J  miW;  (vtnce  luurlv  nliKit>',  4.8  iBiln:  iiMiiBiia  nladly  II 

i.  27;  bnloK  Bkr.  17, 1(,  U;  Iwr.  0;  bat:  kUlinc  It;  kwry.  I 

DBWEV  A.  BEBLBY, 


coy  Google 


MBTBOROLOOICAL  TABLES. 
MONTHLY  METEOROLOGICAL  SUMMARY.  LANSING.  MICHIGAN,  NOVEMBER.  It 


Bi|bat.      Lonst. 


CUmiy'.'."'.'.'.'. 
hrtlyckwiy.. 


Clondy 

Pvtbeloudf .. 


Cloudy 


Pmrtly  dciudy  -  ■ 

Clouay 

Purtly  cloijdT  . 


Ptrtly  cloudy  . 
Pvlly  ekiudy . . 
CbMjdy 


Manhlthstlv 

MiukiwMUii 

Man  loannlmfDiQKiiiUi. . . 

TdUI  pndpiUtiDii  lot  moMh. . , 


Kuaber  diyg  ctcv . , 
Pirtb' tloudy 


KumtHhounnimhiM. 
PaaiUo  ham  wnildiie . . 
hmDUffi  of  poHiblo. . . 


BiK)K>m-'M»ii,  30.10  iaohn:  tuflmt.  iOM  insliM.  on 
T»™eut™»— HigiMl.  sr,  on  Uh:  lownt,  H',  on  IBthj 

l«r  SHDtL  iSir ;  u««  oc  ikfirliinn>  Ihii  mmlh.  — O.Z' 

mt  PHiod.  —0^':  hifbnt 


h;  lowat.  ItM  indhn. «  Znd. 


(«(,  0;  licet.  IG;lhuiidn(cinii>.0;liiloa.Kilnr:  0: 


17.  IB,3a:[nal:  killiHB,- 


DigitizccbyGoCX^Ie 


STATE  BOARD  OF  AGRICULTURE. 

MONTHLY  METEOROLOClCAl  SUMMARY,  UNSINO,  MICHIGAN,  DECEMBER,  IBW. 


Cloudy    

Paflly  ckmdy .  r . 
PMiJi-dnudy 


Mean  hiplieat  (empcratiin 


Number  dtysclru... 

Rirtly  cloudx 

Ooijay 


nrniv'.'. 


Vk<a3. . . 


NumbiT  bQflra  Buodiiiie, . 
Posnble  houn  miuhine. 
PernnUgc  of  poinble 


BinouETiR— Mean.  29.M  it^^ia:  hiEbal,  30.44  inche!.  on  SIsl:  loiwt.  2».00  iodn.  dd  14tli.. 
Tu>PEiuTi:iu— Huhrat.  M°.  on  n&i  ]ow«t,,3'.  on  28tK;  graUM  duly  nime.  2t°.  on  Itlti:  liaat  duly  n 


d,  — 0.4";  fajgtrict  in  ^5  ymn.  ^;  iovrcat.  - 


WlvD— PrtvEilimSn 

thciiHithwca(.nnI41h. 

DamoF— Auriiru.C 


»)— ToU 


tiuinionlli.+].Be;nDizJviiurylit.— 2,TI: 

ivdifo  bourly  Telocity.  7,0  mila:  mulniuiii  vdocily  32,  from 

lnlo»:»lir,0;lui>ir.O;  IrMl: hlKni.  — ;  hwYV,— ;  light,—. 
DEWEY  A.  SEEl"" 


c  by  Google 


METEOROLOGICAL,  TABLES. 

MONTHLY  METEOROLOGICAL  SVMMAKV,  LANSING.  MICHIGAN,  JANUARY,  mi. 


Cloudr 
Ctaudy 


M«ui  lurha(  t«mpam1un 
Mean  lempoiturc 


Number  lUyB  clur. . . 
Pwib  tlooilx 


Putiv  cloudy 
(laudy 

(Toudy 

Ctaudy 
Parllv  cloudy 
Ctoudj 
Ckiudj 
Cloudr 
Cloudy 
Pjirtly  cloihly 
Cloudy 
Purlly  cloudy 

Ptrtiy  cloudy 
IV-tly  cloudy 
Cloudy 

PajLly  cloudy 


PuKiPtTinoii  lin  inchcBl — ToUli 

icnatat  UDHunt  in  any  24  hour  perind.  0.14,  on 

W[i<[)— Prcniling  direction, aouIhiKat:  total 
from  tbe  nDTIhnol,  on  lAIh. 


Bnth.— 1.68iBin«J>nuafylat,— I 
hourly  relocily,  7.flinik«;DDkiimumvclori(y 
10,  13. 17. 20;  lunar,  Ifl;  Iroit:  hillinf,  — ;  he 
DEWEV  A.  SBELEY, 


cbyGoOgl* 


STATE  BOARD  OF  AGRICULTURE. 

MONTHr.YMCTEOROLOaiCALSUMMARY.LANSINO.MICHIG  AN.  FEBRUARY,  l»2l. 


cioii^ 

isx-^* 

Number  daye  cIat  . . 

Purtly  cloudy 

Cloudy 

With  0.01  DC  nore  c 


21.S°:  „%am  o,  deHclency 
le  period. +6.a";highMlin3 
a  incha)— Totil  imminl, 
.n;.  24  hour  period,  0.74. 

30.K  inrhiH.  on  IStli;  lowMl.  i».ir  inctiH.  on  IBlh. 

,1,  B-,  on  241h;  ™wi  d.ilv  r.np.  31".  on  ISrt;  leul.duly  »n»c.  2-.  on  l«h; 
Ihit  montK,  +i.Ti  acciiinullkid  eim  or  deficiency  bikb  Jininry  III.  +3»Sr, 

raaant,  4.S6I  nulea;  sionEC  hourly'  velodty,  6.9  mil«;  Duiiamm  velocity,  ti 

ra..  0;  dense  rof,0;slM(.0; 

DEWEY  A,  8BELKV, 

;,  Google 


MErrEOROLOGICAL  TABLES. 
MONTHLY  METEOROUMICAL  SUMMARY.  LANSING,  UICHIQAN,  MARCH,  mi. 


Higheri.       Lomst. 


ItinpH*-     prccipitB- 


CloiKlv... 
Ckndr... 
aoKlv... 

Cloudy! i! 

CkuAr'..'. 


Cloudy  . 
Cloudy... 
Clatt...   ....   . 

Cloudy 

Clouily 

Pvtly  doudy. 

Cbudj- 

aoait,. 

Pwlb' rlmidy  . 

';i«idy ;; 

;iou((y.  . 


CiMidy  . 
Clw.... 
Cku... 


Mnn  huEheri  lempermlun.-. 
Mokfi  JoiiMt  (enjp — -■- — 
Mem  (cmfVBture 


ly^cloud; 

With  oai « 


PorwdUnr  of  pmeible 

B>iOHrrui~M«n.  30.(H  iiuhn;  hiahait,  aO.H  iric1i«&  oo  2Ind;  1o<n»t.  1BM  iiich,^,  .in 
TuirnATKH—Hlelwl.  76°,  at  IMT;  lomM.  IS',  on  2eth:  gn*ta(  daily  rugg.  41°.  un 

tvmst  dnily,  mam  p«i<^,  +7.1*;  highnl  in  3S  yun,  82"':  law«('.  -13*. 

PmiiplTATiow  (in  inch«>— ToUl  tmaaa,  3M;  nonial.  S,2»^eic«  or  d-fipicncy  (hia  mnnl 
■rtaint  imaontiaioy  24  hout  period,  D.7e.aD20lli>nd!l»;lolaliii<iwfKll,  2.1. 

WiHD-PRniEng  direclion.  Knilhwnt:  laUl  movcmenl,  t.101  mila;  ivenfe  hourly  vtl 
28,  (nun  the  KiiUiwnt,  on  20th. 

DiTU  OF— Auroru.  D:  drnsr  fon,  It.  Ihundentonm.  5,  7.  20.  2A,  27 
kilHng,  — :  he«vy.  — ;  light.    -. 


irly  vtloriiy,  S.2  milai:  maiimiun  velwily 
I.  U.  II.  IS.  le.  18,  10,  2S.  lunu,0:Froal: 


STATE  BOARD  OF  AGRICULTURE. 
MONTHLY  METEOROLOCICAL  SUMMARY,  LANSING,  MICHIGAN.  APRIL.  IMI. 


a«nct«ol 
dny. 

Pwcml- 

Thi. 

■DOIltbBlUC 

IM3. 

Dilt. 

Hwhort. 

i»-»i. 

Mbd. 

Ymi. 

ture. 

pnapju- 

lis 

4» 

34 

j[ 

C 

"* 

a 

g 

•r 

187S 

.M 

30 

7S 

rtkcfciudy.. 

33 

ISSS 

90 

»¥ 

91 

l!S 

n 

68 

S 

ism 

1890 

let 

to 



«e 

:i! 

Mean  hifhal  liuDpenit 

41  3 

wo 

w^™ 

m 

MM 
901 

K 

4flfl 

« 

WilhO,OUnch«iBDrcnr|i™i|iit 

■linn.... 

«, 

9  3 

jH 

00 

PenxtnlMtofptvible 

ttii 

519 

>,  on  1);  IuikM.  29.33  inches,  on  23. 

'Hl«flt  duly  nnjie  33*.  on  3^  l«sl  duly  nn^,  £%  on  22^  norraiJ  temp- 

inwjuuary  I. -fai8';av«agediily  de[Hr(urcunMj>niuiy  1, +«.8°; 


>N  On  iiu'bnl— total  thianunlb,  3.89;  ni 


loUl  moveiwDl.  S.M 


8.  :i.  22, 25.  2«.  29;  Kiius,  Hhr:  I.  2.  S.  4.  i.  20.  24.  28: 
DEWKY  A.  SEEUiY.  _ 


1«gle 


METEOROLOGICAL  TABLES.  ■ 

UOKTHLY  METfiOROLOGICAL  SUMMARY,  LANSING,  MICHIGAN,  MAY,  1921. 


d-f 

Pmsnt 

llus 

iHiiilhnnee 

1883. 

Dilt, 

lion  in 

HiEl»l. 

Lowal. 

Man. 

Year. 

lure. 

precipU- 
lion. 

W"™^ 

7B 

I9«3 
ISM 

S6S 

■    60  1 

1...,-.... 

M 

33 

4t 

g 

287 

PulKetouily 

BO 

S^'"™* 

11! 

S! 

M 

SB 

M 

0  53 

ftTtlyd-«idy 

890 

!H 

002 

Cloudy 

M 

05 

SI  8 

2.00 

'« 

901 

eo2 

SI 

40 

We,™ 

R. 

sa**: 

11 

■« 

Sl'NSHI 

™. 

12 

S! 

«:« 

.S7 

:i3 

M 

WA 

lea;  bighcM.  30.34  inches,  an  li 
a31:kn>nt.30*.Da  IO:Erutei' 

_._ ,  .        .    «imiul»ied dopdrtDrniiiB Jm 

hitbrst  in  3e  yaiw.  »F:  lownt,  17°, 
PucintiTioK  (in  indw)— Toul  thiimoDth,  1.13;  normJ,  3. 


Dm  OT—iwaru.  13,  IS.  1< 


h  fog.  dense,  0:  Ihund 


iurlyvelacil>',9«  miles:  m: 
lornu,  23,  24,  27,  30.  31^ 


-2.3S;greil«tuioui 


STATE  BOABD  OF  AGRICULTURE. 

MOKTHLV  METEOROLOGICAL  SUMMARY,  LAN8IN0.  MICHIQAN.  JUNE,  IKI. 


Meu  hiibvl  limpenlun 
Mtui  leinpnlun  for  mo 


fuUv  ckn/iy ............ . 

WithO.Oi  iiwii or  DUR  t>( pr 


PcncqUceoTpQaNble... 


TumiuTust- Hijhat,  M' 
■lure.  S7.2';  deputuK,  +3.4*; 

"fssss, 


1.  luBU.  0:  Inal:  killing.  0;  hi 


higbnl,  30.44  incbo.  o 
7:lQW«t.3r.oiiS;pcal 
aulftEcd  depnitlire  ancc . 

-Total  t1iiiliioDl)i,3S4;lioniui: 
l:toUlinoiifill,a.Din. 
I.  •milii:  UtiJ  movenieiil,  2,K 
It.  on  IS. 

.  Oiilwt,  0;  foe,  deiiK,  D;  Ituiii 
;  lighi.  4,  6. 


M  duly  ruge,  33°,  on  20;  lewt  ckj])' nlwe.  e*.  on  7:  Donul  tuBpR- 
iDuiry  I.  -1-1021';  tTcnc«  duly  depu-IurcBEtceJAnoftfy  I, +A.i*; 

3.40;  dciwliiie.  — O.IS;  luin  Juiury  lit, —MI;  ptatat  UHnuiI 

mlLa;  Bvenge  hourly  velo&ty,  4.0  &il»;  'wmimmii  vvlodty.  18 

nionu.  1. 10.  IS.  30.  !l.  25,  2S,  27. 28;  luOoc  hIu,  2. 1.  S,  T,  14, 

DEWEY  A.  SEELBY,  . 


iOO< 


.glc 


DBPARTMHNT  RBP0ET8. 


REPORT  OF  THE  PHYSICS  DEPARTMENT. 

Preadent  F.  S.  Kedzie, 

East  Lansing,  Michigan. 
Dear  Sir: 

A  brief  annual  report  of  the  Physics  Department  for  the  year  ending  June 
30,  1^1,  is  herewith  presented. 

The  personnel  of  the  department  was  as  follows : 
Ctmrles  W.  Chapman,  Professor  of  physics, 
William  E.  Laycock,  Associate  professor  of  physics. 
Edwin  Morrison,  Assistant  professor  of  physics. 
Eugene  B.  Butler,  Instructor  in  physics, 
Wilbur  H.  Thies,  Instructor  in  physics. 
S,  Elizabeth  Morrison,  Laboratory  assistant  and  clerk. 
Ralph  M.  Harford,  College  photographer. 
Wallace  W.  Tappan,  Caretaker  of  the  department. 

Mr.  Butler  and  Mr.  Thies  began  their  duties  as  instructors,  September  1, 
1920. 

Practically  no  equipment  has  been  purchased  throughout  the  whole  year, 
but  through  our  own  efforts  some  apparatus  has  been  added.  In  one  week 
we  built  4  magnetometers  the  approximate  cost  of  which  would  have  exceed- 
ed S25  each  had  we  bought  apparatus  of  an  equal  grade.  We  have  increased 
the  capacity  of  our  storage  battery  switchboard  so  that  we  now  have  112 
volts.  Besides,  we  have  again  rewound  our  rotary  converter.  This  policy 
was  adopted  by  us  in  order  that  the  Physics  department  might  do  its  part  in 
the  conservation  of  funds  at  a  time  when  the  as-sistance  of  all  departments 
was  needed,  as  the  college  financial  condition  wa^  practically  in  a  state  of 
bankruptcy. 

The  following  revisions,  and  additions,  have  been  made  in  and  to  our  work 
in  physics. 

(a)  Physics  4b,  which  has  previoiisly  licen  a  throe-credit  course,  becomes 
a  five-credit  course. 

(b)  Laboratory  fees  have  been  revised  as  follows:  fee  for  a  two-hour 
laboratory  period  will  be  $1.50,  while  a  $3.00  fee  will  be  required  for  a 
four-hour  laboratory  period.     Physics  5,  laboratory  fee  will  be  $6.00. 

(c)  Physics  3d  and  Physics  3e  which  have  been  required  of  sophomore 
home  economics  students  for  several  years  past,  now  becomes  an  elective, 

(d)  Physics  3,  "Mechanics  and  Electricity"  (spring  term-5  credits),  will 
henceforth  be  required  of  freshman  home  economics  students. 

(e)  The  agricultural  and  engineering  courses  remain  practically  un- 
changed, with  the  following  modification  in  lal;oratorj-  work  for  the 
engineers  (Physics  2f-7pring  term) : 

To  miake  the  engineering  laboratory  work  of  a  higher  collegiate 
grade  and  yet  add  to  its  practical  value,  six  new  laboratory  problems 
were  worked  out  to  replace  the  six  stereotyped  experiments  that 
have  been  used  in  practically  all  colleges  for  the  last  ten  to  fifteen 
years.  One  of  the  new  problems  combines  three  of  the  former 
10 
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experiments,  making  a  problem  that  commandB  the  attention  and 
respect  of  our  engineering  students.     The  remwning  five  experi- 
ments are  also  of  equal  importance. 
(f)     We  have  been  authorized  to  f^ve  three  years  of  physics  as  a  minor  in 
the  Applied  Science  course,  which  will  necessitate  the  engagement  of  an 
additional  instructor  during  the  year  1921-22,  and  possibly  another  in 
the  year  following. 

The  courses  in  physics  taught  and  the  number  of  students  enrolled  in  each 
subject,  were  as  follows: 

Summer  Term,  19S0 

Students 

Preparatory  phynirft 14 

PhysicB  In 8 

Phyaira  2f . , . , 1 

PhyHirat  3ii 1 

Physics  3r- 3 

Physi™  M, 1» 

Toliil 40 

Fnll  Term,  10.!". 

Physics  1(1 143 

Physics  ai IKJ 

Physica  4fl 12 

Total 308 

irui(<T  Tmn,  Wil. 

Physics  Ic 129 

Physics  2c 138 

PhydcB  3c ' 107 

Short  courso 30 

Tolnl 413 

Spring  Tcnii.  IS.'I. 

Phywcs  2f 118 

Physics  3il 9:i 

Physics  4b 15 

Total 2211 

Prep.  phyi*.  lab.  for  iiarliully  lUsnblcd  cx-s<T\'ii'o  mon ....       30 

Tolal  c^^ollI^c^^  for  Ihe  year 1 ,023 

Physics  5  {for  veterinary  students)  was  eliminated,  spring  term,  there  being 
only  one  freshman  veterinary  student. 

Physics  4c  has  not  been  offered  for  three  years  on  account  of  the  lack  of 
lalK>ratory  room. 

In  the  summer  of  1907,  the  Physics  department  moved  from  the  north 
half  of  the  Chemistry  Huilding  into  the  Engineering  Building  where  it  had 
two  lecture  rooms,  an  apparatus  room,  a  shop,  three  large  lalwratories  used 
exclusively  for  physics — rooms  that  were  about  40  feet  by  50  feet — and  three 
recitation  rooms.  Since  the  fire  which  destroyed  the  Engineering 
Building,  March  5,  1916,  we  have  been  in  very  cramped  and  inadequate 
quarters.    This  means  that  much  of  the  apparatus  has  had  to  be  taken  down , 
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put  away  and  new  apparatus  set  up  for  the  different  sections.  Some  of  the 
apparatus  is  used  in  common  by  agricultural,  home  economies  and  engineering 
students  in  the  basement  ball  of  the  Forestry  Building,  while  the  remainder  of 
the  apparatus  is  in  their  respective  laboratories.  This  condition  has  neces- 
sitated smaller  and  scattered  sections  than  would  have  been  required  had  we 
had  more  and  larger  laboratories.  Furthermore,  the  Engineering  Laboratory 
will  not  accoromodate  more  than  16  students  at  most  and  is  better  adapted 
for  12  or  14  students. 

We  now  have  only  two  rooms  for  lecture  and  quiz  work;  formerly  we  had 
five,  well-planned  rooms. 

In  view  of  the  fact  that  we  will  be  called  upon  to  give  three  years'  work  in 
physics  as  a  minor  in  the  Applied  Science  course,  whereas  we  have  offered  only 
one  year's  work  to  engineers;  two  terms'  work  to  both  home  economics  an<l 
agricultural  students  with  a  small  group  elective  allowed,  it  becomes  evident 
that  if  we  are  to  do  any  work  in  physics  of  a  high  standard,  more  and  suitable 
room  must  be  provided  in  the  very  near  future. 

Due  to  the  cooperation  of  both  students  and  teachers,  all  work  has  been 
carried  on  as  efficiently  as  such  cramped  quarters  would  jwrmit. 
liespect fully  submitted, 

CHAS.  W.  CHAPMAN, 

Professor  of  Physics. 
East  Lansing,  Michigan,  .Tunc  30,  1921. 


REPORT  OF  THE  DEPARTMENT  OF  PHYSICAL  TRAINING. 
President  F.  S.  Kedzie, 
Dear  Sir: 

I  respectfully  submit  to  you  the  following  report  of  the  Department  of 
Physical    Training   for    the    year   ending   June   30,    1921. 

The  year  opened  with  several  new  additions  in  the  teaching  staff.  George 
Clark  came  to  us  in  the  capacity  of  football  and  baseball  coach,  James  Devers 
as  instructor  in  gymnasium  and  the  combative  sports.  Miss  Jessie  MacCom- 
ack  as  instructor  in  girls'  work.  The  most  important  addition  to  the  work 
was  the  establishment  of  the  College  Health  Service  with  Dr.  Clyde  Reynolds 
as  director.  The  work  was  establislie<l  "to  give  adequate  health  education, 
and  medical  and  health  care  to  all  the  students.  A  thorough  medical  and 
physical  examination  was  given  every  entering  student,  a  series  of  health 
talks  were  given  all  freshmen,  while  medical  advice  and  medical  attention  weie 
given  all  who  were  in  need  of  such  help.  It  is  planned  to  extend  this  service 
just  as  far  as  possible  and  include  both  the  sick  and  health  program  of  the 
entire  college.  Miss  Gertrude  Loudenback,  an  instructor  in  girls'  work  was 
also  added  to  the  staff,  coming  to  the  College  in  April.  L.  L.  Frimodig,  J.  G. 
Heppinstall,  A.  N.  Smith  and  Miss  Helen  Grimes  who  were  with  us  the  pre- 
vious year  remained  throughout  the  year  and  did  excellent  work.  Physical 
training  work  was  given  throughout  the  year  to  all  the  students,  both  boys 
and  girls.  The  work  for  girls  consisted  of  formal  gymnasium  work,  folk  ami 
(esthetic  dancing,  swimming,  recreative  games  and  athletics  in  all  its  phases. 
There  was  a  marked  improvement  in  the  organization  of  the  work  for  girls 
over  previous  years  and  the  teaching  was  efficiently  handled  by  the  three 
instructors  mentioned  above.     The  girls  have  the  use  of  the  gymnasium 
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and  swimining  pool  from  8KX)  to  12  KK)  in  the  morning,  leaving  the  entire 
afternoon  and  evenii^  free  for  the  men  of  the  institution. 

The  gymnasium  work  for  men  was  divided  into  twelve  sections  which,  with 
the  athletics  and  the  girls'  work  brought  the  gymnasium  into  use  from  8:00 
a.  m.  to  8:00  p.  m.,  six  days  in  the  week.  Representative  college  teams  were 
maintained  in  football,  baseball,  track,  basketball  and  cross-country  and  all 
had  fairly  good  seasons.  Inter-class  and  inter^ociety  teams  were  active  in 
all  the  sports,  and  I  beheve  there  was  more  general  participation  in 
recreative  activities  than  ever  before. 

There  is  need  for  more  lockers  in  the  gymnasium,  as  with  our  limited  number 
it  is  necessary  to  put  two  or  three  in  a  locker,  which  is  always  unsatisfactory. 

I  wish  again  to  respectfully  call  your  attention  to  the  necessity  for  a  stadium 
or  some  adequate  seating  equipment  for  handling  out-of-door  sports.  We 
cannot  bring- the  strong  western  teams  to  our  field  under  present  conditions 
and  it  is  bad  for  the  institution  to  play  all  of  our  important  games  away  from 
the  College.  Then,  too,  our  present  stands  arc  becoming  unsafe  and  we  are 
told  must  be  condemned  very  shortly. 

Rcspc(  it  fully  submitted, 

'"    '.  BREWER, 


East  Lansing,  Michigan  June  30,  1021, 


Director  of  Physical  Training. 


REPORT  OF  THE  DEPARTMENT  OF  ZOOLOGY  AND  PHYSIOLOGY. 

To  the  President, 

Sir :  I  have  the  honor  to  submit  the  following  report  of  the  Department  of 
Zoology  and  Physiology  for  the  year  ending  June  30,  1921: 

There  are  few  changes  to  be  noted  in  the  work  of  this  department  for  the 
year.  As  forecast  in  my  last  report,  Mr.  Bergquist  has  been  able  to  care  for 
the  work  in  geology  in  a  most  satisfactory  manner  and  it  has  not  been  neces- 
sary to  add  a  new  instructor.  The  work  in  zoology  and  physiology  has  pro- 
gressed normally  and  requires  no  special  comment.  Recent  changes  in  cur- 
riculum are  likely  to  require  some  additions  during  the  coming  year  because 
of  the  reinstatement  of  physiology  in  the  Home  Economics  course  and  the 
possible  large  increase  of  students  in  both  physiologj'  and  zoology  in  con- 
nection with  the  Applied  Science  course.  Naturally  however,  it  is  impossible 
to  anticipate  these  at  present. 

A  rather  unusual  amount  of  outside  or  extension  work  has  been  done  during 
the  year  by  several  members  of  the  department  force.  It  has  been  cus- 
tomary for  many  years  to  call  on  this  department  for  its  stereopticon  in  con- 
nection with  the  various  lectures  and  other  entertainments  given  at  the  College, 
and  at  some  seasons  hardly  a  week  passes  that  our  Instruments  are  not  thus 
used.  In  addition,  the  head  of  the  department  an<i  Professor  Conger  have 
given  talks  or  addresses  with  some  frequency  before  various  clubs,  societies 
and  schools  mostly  In  the  immediate  vicinity  but  occasionally  at  some  distance. 

The  department  has  I>ecome  much  interested  in  the  development  of  the  fur 
farming  industry  In  Michigan,  particularly  fox  farming.  Early  last  year 
the  fox  breeders  of  Muskegon  county  appealetl  to  the  Ckillege  for  assistance 
and  advice  in  some  of  their  problems  and  eventually  we  undertook  invest!- 
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gations  along  several  lines  in  connection  with  the  U.  S.  Biolt^cal  Survey  of 
the  Department  of  Agriculture  at  Washington.  Professor  Conger  has  visited 
several  of  the  Muskegon  fox  farms  and  has  talked  with  the  owners  and  others 
interested,  and  given  some  lectures  on  this  new  industry.  It  seems  likely 
that  this  work  will  have  to  be  carried  on  indefinitely  and  with  increasing  at- 
tention as  the  industry  develops,  but  thus  far  it  has  not  seemed  expedient  to 
issue  any  bulletin  on  this  subject. 

Two  points  of  interest  should  be  noted  in  connection  with  the  general 
museum:  One  is  the  gift  of  about  one  hundred  specimens  of  mounted  birds 
by  Mrs.  J.*  W.  Potter  of  Lansing,  forming  a  welcome  addition  to  our  local 
collection.  These  birds  were  collected  in  the  vicinity  of  Lansing,  and  were 
mounted  by  Mrs.  Potter's  father,  Hiram  Rosaman,  after  he  was  eighty  years 
old.  The  other  item  is  the  disappearance  of  one  of  the  old  attractions  of  the 
museum,  the  so-called  war  horse,  Old  Buckskin,  which  was  ridden  by  Lieut. 
L.  B.  Baker  of  the  U.  S.  Secret  Service  during  the  Civil  war  and  was  present 
at  the  capture  of  J.  Wlkes  Booth,  Lincoln's  assassin.  This  mounted  speci- 
men was  presented  to  the  College  many  years  ago  but  through  age  and  poor 
preservation  originally,  had  deteriorated  to  such  an  extent  that  Lieut. 
Baker's  relatives  agreed  that  it  would  be  better  to  have  it  removed  from  the 
museum.  It  was  therefore  destroyed  and  the  saddle  and  bridle  which 
■  had  been  merely  loaned  to  the  College  were  returned  to  the  owners. 
Ilespectfully  submitted, 

WALTER  B.  BAIIIIOWS, 
Professor  of  Zoology  and  Physiology  and 
Curator  of  the  General  Museum. 
East  Lansing,  Michigan  June  30,  1921. 


ANNUAL  REPORT  OF  LIBERAL  ARTS  COUNCIL. 

To  the  President  and  State  Board  of  Agriculture: 

Gentlemen :   Members  of  the  board  of  control  for  the  current  year : 

Professor  W.  W.  Johnston. 
Profes-sor  C.  P.  Halligan. 
Mr.  J,  B.  Hasselman. 
Professor  W.  H.  French. 
Student  members: 
Mr.  W.  A.  Tobey. 
Miss  Dorothy  Foster. 

l"he  liberal  arts  council  has  endeavored  to  provide  wholesome,  literary  and 
mu>iical  entertainment  from  time  to  time  during  the  college  year,  for  the 
student  body. 

We  have  had  a  very  excellent  line  of  entertainments  but  have  been  handi- 
capped in  having  a  place  to  hold  the  meetings.  We  wore  finally  granted  the 
use  of  the  gymnasium  for  a  part  of  the  meetings,  through  the  kindness  of 
President  Kedzie  and  Physical  Director  Brewer. 

Our  experiences  of  the  year  lead  us  to  make  two  recommendations  to  govern 
future  activities : 
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First,  that  a  regular  place  be  provided  for  holding  such  entertainments  so 
that  every  one  will  understand  where  they  are  to  occur. 

Second,  that  the  president  shall  have  a  joint  meeting  of  all  the  committees 
of  the  College,  charged  with  the  oversight  of  literary  and  social  entertainments, 
in  order  that  the  schedule  may  be  arranged  so  there  will  be  no  conflicting 
dates.  Our  greatest  trouble  during  the  past  year  has  been  that  we  were  un- 
able to  find  a  date  for  some  of  the  meetings  that  would  not  conflict  with  from 
one  to  four  other  entertainments  that  were  being  given  on  the  campus. 
The  following  is  a  list  of  entertainments  held  during  the  college  year- 
October      11 — Hortense  Neilson,  reading $125  00 

November    1— ^Edward  and  Helen  Atchinson,  recital 100  00 

November  29 — Professor  R.  A.  Tallcot,  reading 75  00 

January      10 — Ellie  Werner  Kinney,  literary  reading 75  00 

January     19 — Ehzabeth  Lennox,  musical  recital 250  00 

February    10— Hon.  W.  W.  Ellsworth,  address 100  00 

February    24 — Jessie  V.  Rittenhouse,  address 100  00 

March  1— Apollo  male  quartet 100  00 

March         14 — Jane  Addanis,  address 75  00 

April  7— M.  A.  C.  glee  club 200  00 

April  19 — Sam  Higginbottom,  address 50  00 

In  addition  to  the  foregoing  it^'ms  of  expense  there  have  Ix-eii  bills  for 
])rinting,  labor  and  supplies.  The  entire  financial  statement  for  the  year, 
showing  receipts  and  expenditures,  is  apjx'nded  hereto. 

RECEIPTS  AND  DISBURSEMENTS — COMMITTEE  ON  LIBERAL  ARTS. 

School  Year  1920-1921. 


June  30,  1920. 

RECEIPTS. 

Balance  on  hand 

Student  fees 

. . . ,     $537  54 
1  555  14 

June  30,  1921. 

DISBURSEMENTS. 

10  68 

Labor 

167  50 

Entertainments 

1 ,245  00 
26  95 

Miscellaneous 

Balance  on  hand 

675  50 

$2,226  93 

$2,226  93 

Ucupectfullysubniittcd, 

W.  H.  FRENCH, 
Chairman  Liberal  Arts  Council. 
East  Lansing,  Michigan,  June  30,  1921. 
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REPORT  OF  SECRETARY  AND  TREASURER 


m. 

Cr, 

7, GOO  00 
1071013  29 

'"■458  70 

6.492  91 

68S  62 

S, 968  87 

Ofl.   aa.  1920.        received  from  U.  fi.  treMury 

Tol»l 

»2e6.03fl  30 

Twenty-flve  tbounnd  regular  buUetlna  No.  28S;  torly-Sve  thousaDd  r^ular  bullettrw  No.  289;  forly- 
flve  thoiuaad  Teculsr  bulletins  No.  290;  twenty-live  Ihousaad  regulu  buUellna  No.  291;  twenty-two 

.1 J  remilar  buUellna  No.  293:  twenty-three  thousand  apecral    t -"-■•--  ■-'"    '"o-  •-"  .i."..-."^ 

lUlleUniNo. 


Kf; 


103;  tight  thousand  special  bulletins  No.  104;  thirty  thousand  special  bulletins  No. 

ilrly  thousmid  ipedarbulk ■""  ■—    - ■- -■ •—-—•—.—  -■.  --.._-..._.. 

!rculuhu]letlnsNo.4r  " 


circular  bulletins 


t.  No.  2;  fifty  thousand 


DISBL'RSEMENTS  ON  ACCOUNT  OF  U.  8.  APPROPRIATIONS. 

Hatch 

«y 

Salaries: 

•S:?.M 

„,,»».> 
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DISBURSEMENT    OF    EXPERIMENT    STATION    MONEYS—OTHER    THAN    RECEIVED 
FROM  U.  8.  TREASURER. 


Publiotloiu 

PoatMO  >D<1  Btatlonery 

Frelsfit  uid  express 

HeM,  light,  water  wid  power 

Chemicals  and  laboiator;  suppUea. . 
Seeds,  planta  and  sundr;  BuppILee. . . 

FertillierB 

Feeding  slatla 


Tools,  machinery  >.nd  appliances.  . .  . 

Furniture  &nd  Qxturea. 

ScleotlBc  apparatus  and  eperimena. . 

Live  slock . . 

TravBllnE  exiiensefl 

Contingent  expenses 


REPORT  OF  THE  DIRECTOR  OF  THE  EXPERIMENT  STATION. 

To  President  F.  S.  Kedzie : 

The  activities  of  the  Experiment  Station  during  this  year  continued  to  return 
to  normal  after  the  interruptions  of  tlie  war  period.  The  appropriation  of 
more  funds  and  the  employment  of  additional  workers  during  the  year 
afforded  much  relief.  Very  satisfactory  progress  was  made  in  equipping  and 
developing  the  work  of  the  Upper  Peninsula  Station  at  Chatham  and  also 
the  Graham  Fruit  Station  at  Grand  Rapids.  Particulars  relating  to  these 
important  activities  are  included  in  department  reports  or  special  publica- 
tions. 

During  this  year  the  director's  office  was  given  valuable  assistance  by  Mr. 
E.  B.  Hill,  who  aided  with  the  general  detail  work  of  the  olKce  and  assumed 
the  entire  responsibility  for  publications.  Publication  costs  have  increased 
to  such  an  extent  as  to  impose  restrictions  relative  to  numbers  and  sizes 
of  bulletins  as  well  as  size  of  editions. 

The  news  letter  for  county  agents  and  extension  workers  established  during 
this  year  by  the  office  of  the  director  of  extension  has  become  an  important 
medium  of  conveyance  of  timely  items  of  information  for  immediate  use  by 
those  in  the  ext«nsion  service. 

For  a  period  extending  back  to  the  time  of  organization  of  the  Experiment 
Station,  this  institution  has  participated  in  regulatory  work  including  inspec- 
tion of  fertilizers  and  later  feedstuffs,  fungicides  and  insecticides  as  well  as 
the  direct  or  indirect  supervision  of  orchard,  nursery,  and  apiary  inspection. 
With  the  termination  of  the  present  fiscal  year  all  these  activities  have  been 
transferred  to  the  Department  of  Agriculture,  established  by  an  enactment 
of  the  last  Legislature. 

Especial  mention  should  be  made  of  the  achievements  and  results  of  the 
C'rop  section  bj'  way  of  development  of  new  varieties  which  have  been  placed 
in  the  farmers'  hands  in  a  satisfactory  way  through  cooperation  with  the 
experiment  association. 

The  following  statement  includes  the  funds  disbursed  during  the  year 
indicating  their  source;  OOqIc 
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Hatch $15,000  00 

Adama: 15,000  00 

State 156,063  29 

Total $186,063  29 

Upper  Peninsula $12,250  00 

Graham  Station 24,000  00 

Soutli  Haven  Station 2,700  00 

The  three  sub-station  funds  are  included  in  the  State  fund  given  above. 

LIST  OF  BULLETINS. 

No.      Regular : 

228 — Commercial  feeding  stuffs. 
289 — Com  growing  in  Michigan. 
290— Soil  fertility. 

Special : 
103 — Forest  planting  in  Michigan. 
104 — Soib  of  the  Detroit  area.  . 

105 — Rosen  rye. 
106 — Sugar  beet  growing  in  Michigan. 

Circular : 
44 — European  corn  borer. 
45 — Hughes  annual  white  sweet  clover  (Hubam). 
46 — Sweet  clover. 
47 — Poisoning  from  bacillus  botulinus.     Cause;  prevention;  treatment. 

Technical : 
49 — Studies  in  infectious  abortion. 
50 — Rate  and  extent  of  solubility  of  minerals  and  rocks  under  diflforent 

treatments  and  conditions. 
51 — Studies  on  the  reactions  between  .soils  anti  various  chemical  com- 
pounds. 

Respectfully  submitted, 
R.  S.  SHAW, 
Director  of  the  Experiment  Station. 
Ea.st  Lansing,  Mich.,  June  30,  1921. 
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EEPORT  OF  THE  ANIMAL  HUSBANDRY  SECTION. 
Director  R.  S.  Shaw, 
Dear  Sir: 

I  have  the  honor  to  submit  the  following  report  of  the  experimental  work 
conducted  by  the  Animal  Husbandry  section  during  the  past  year. 

Another  year's  work  on  the  use  of  stover  silage  for  fattening  steers  has  been 
concluded.  The  work  this  year  embraced  three  lots  of  steers.  Lot  1,  was 
fed  normal  com  silage  as  previously,  lot  2,  stover  silage,  and  lot  3,  stover  silage 
plus  an  amount  of  com  equal  to  that  which  was  removed  from  the  stover 
when  it  was  placed  in  the  silo.  Lot  1  made  an  average  daily  gain  of  1.94 
pounds;  lot  2,  1.42  pounds  and  lot  3,  1.58  pounds.  Not  only  was  the  gain 
greater  in  lot  1  but  the  cost  was  much  lower  in  lot  1  than  in  the  other  two  lots, 
both  of  which  averaged  about  the  same  in  cost.  The  results  this  year  were 
decidedly  in  favor  of  placing  the  corn  in  the  silo  aloi^  with  the  stover  or 
the  making  of  normal  silage.  Plans  are  already  under  way  for  the  repetition 
of  this  work  the  coming  winter.  It  is  earnestly  hoped  that  before  another 
year  facilities  will  be  added  to  our  equipment  to  permit  the  handling  of  a 
much  larger  number  of  steers,  as  the  feeding  of  one  carload  in  our  present 
quarters  greatly  overcrowds  the  beet  breeding  herd,  and  a  single  carload  of 
steers  does  not  provide  a  sufficient  number  of  animals  to  work  out  the  various 
angles  entering  into  the  question  of  the  use  of  stover  silage. 

The  experimental  work  with  pig  feeding  as  reported  last  year  is  lieing 
repeated,  as  we  felt  that  the  amount  of  grain  required  to  produce  100  pounds 
of  pork  as  shown  in  the  tests  reported  was  rather  large,  and  an  effort  is  being 
made  to  discover  if  there  is  any  reason  for  this.  The  tests  will  be  repeated 
twice,  making  five  trials  in  all  before  the  work  is  reported  on,  which  we  think 
will  be  sometime  early  next  spring. 

Itespectfully  submitted, 

GEO.  A.  BROWN, 
Professor  of  Animal  Husbandry. 

East  Lansing,  Mich.,  June  30,  1921. 


REPORT  OF  THE  ANIMAL  PATHOLOGY  SECTION. 

Directors  R.  S.  Shaw, 
Dear  Sir: 

I  herewith  submit  the  report  of  tbf  .\nimal  Pathologist  for  the  year  ending 
June  30,   1921. 

Two  problems  have  been  studied  the  last  year,  namely,  the  pathology  of 
pyometra  in  cattle,  and  the  effects  of  medicinal  i^ents  on  the  uterine  mu(«»a 
of  the  cow. 

A  report  of  this  work  has  been  submitted  for  publication  as  Technical  Bul- 
letin No.  54,  and  a  detailed  discussion  here  would  be  unnecessary  repetition. 
Briefly,  it  may  be  said  that  pyometra  is  a  common  and  serious  sequel  of 
abortion  infection  and  is  characterized  by  a  purulent  inflammation  of  the 
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uterus  with  tlie  accumulation  of  more  or  less  pus  in  the  uterine  cavity.  But 
little  work  has  been  done  upon  the  pathology  of  this  condition  in  cattle  and 
appreciating  the  importance  of  a  knowledge  of  the  pathology  of  any  affec- 
tion as  a  guide  in  outlining  a  rational  treatment,  it  was  considered  advisable 
to  devote  some  time  to  a  study  of  this  condition. 

This  preliminary  study  indicates  that  the  essential  losions  in  the  uterus  in 
this  condition  are,  a  superficial  and  more  or  less  general  necrosis  of  both  the 
gland  mucosa  and  the  region  of  the  cotyledons  of  the  uterine  mucosa;  and 
leucocytic  infiltration  and  fibrosis  of  the  superficial  portions  of  the  stroma. 
The  depth  of  the  necrosis  varies  from  fifty  microns  to  eight-tenths  of  a  milli- 
meter and  in  places  produces  many  minute  ulcers  extending  more  deeply 
into  the  uterine  ipucosa.  In  one  case  of  a  more  chronic  nature  the  most 
conspicuous  alteration  was  the  presence  of  numerous  small  cysts  in  the  uterine 
mucosa.  Cystic  ovaries  are  of  frequent  occurence  in  sterile  cows  but  to  the 
writer's  knowledge  this  condition  of  the  uterine  mucosa  has  not  been  reported. 

The  condition  observed  in  this  case  may  explain  the  occurrence  of  nympho- 
mania in  cows  in  which  cystic  ovaries  are  not  clinically  recognizable. 

The  other  problem  studied  was  undertaken  with  the  hope  of  throwing  some 
light  on  the  changes  produced  in  the  uterus  by  the  usual  treatment  of  the 
catarrhal  conditions.  The  use  of  irritants  in  the  treatment  of  these  conditions 
is  a  long  established  practice  and  many  gynecologists  have  condemned  the 
use  of  them,  assuming  that  their  use  possibly  produces  changes  that  interfere 
with  subsequent  pregnancies-  In  this  work  concentrated  preparations  of 
iodine  were  injected  into  the  uterine  cavity  and  also  used  to  swab  the  cervical 
mucosa.  The  treated  animals  were  slaughtered  at  varying  intervals  of  time 
and  a  gross  and  histological  examination  made  of  the  reproductive  organs. 

The  observations  made  in  these  cases  indicate  that  the  use  of  such  prepara- 
tions produces  an  acute  fibrinous  imflanunation  of  the  uterine  mucosa  with 
superficial  necrosis;  the  necrotic  zone  varying  in  depth  from  twenty  microns 
to  one  millimeter.  Sloughing  of  the  necrotic  zone  and  regeneration  of  the 
epithelium  are  initiated  within  forty-eight  to  seventy-two  hours  after  treat- 
ment. Out  of  ten  cases  treated  there  were  three  in  which  the  treatment 
apparently  caused  the  rupture  of  a  bloodvessel  resulting  in  a  hematoma.  In 
one  of  these  the  cow  was  in  heat,  another  was  menstruating,  and  another 
was  in  the  early  stage  of  pregnancy  (pregnancy  not  diagnosed  before  treat- 
ment). In  each  of  these  conditions  there  is  an  engorgment  of  the  blood- 
vessels and  the  thought  is  suggested  that  such  treatment  about  the  time  of 
cstrum  or  menstruation  may  be  a  dangerous  practice. 

The  results  indicate  that  repair  is  more  or  less  complete  in  about  two  weeks 
and  but  little,  if  any,  fibrosis  results  from  the  treatment  administered  in  these 
cases. 

Respectfully  submitted, 

E.  T.  HALLMAN, 

Animal  Pathologist. 

East  Lan^ng,  Mich.,  June  30,  1921. 
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REPOllT  or  TilJO  IJACTKRIOLOGICAL  KKCTION. 

Director  II.  S.  Shaw, 

Dear  Sir: 

Progress  can  be  reported  on  every  problem  outline  in  our  report  of  the 
preceding  year.  No  changes  have  been  made  in  the  projects  as  outlined  in 
that  report.  Research  Assistant,  Robert  L.  Tweed,  in  charge  of  Adams  la, 
reports  on  his  work  as  follows: 

During  the  past  year  one-third  of  my  time  (winter  term)  has  beeh  spent 
teaching  and  two-thirds  with  technical  research  and  work  of  a  popular  nature. 

Unde^  project,  Adams  la,  "Theeffectof  diseases  in  the  cow  upon  the  milk", 
I  have  under  way  experiments  relating  to  the  following  phases  of  the  problem 
as  applied  to  infectious  abortion. 

1.  Studies  upon  the  significance  of  higli  cellular  counts  from  Bad.  (Aortus 
infected  udders  as  compared  with  non-infected  udders. 

2.  A  study  of  the  teats  as  an  avenue  of  Bad.  abortus  infection  of  the  udder, 

3.  Feeding  experiments  with  Bacl.  abortus  infected  milk. 

4.  Study  of  strains  of  Bad.  aborltis  and  abortus-like  organisms  isolated  from 
milk. 

5.  Efforts  to  devise  better  methods  for  studying  the  presence  of  Bad. 
abortus  in  the  udder. 

Under  my  direction,  also,  graduate  assistant,  O.  H.  Friedcman,  has  under 
way  "A  study  of  the  nature  of  Bad.  ahortita  infection  of  the  udder"  the  results 
of  which  he  exjiects  to  submit  as  a  master's  thesis. 

My  work  of  a  popular  nature  has  consisted  of  bacteriological  examination 
of  26  fecal  specimens,  from  as  many  different  cases  suffering  from  intestinal 
disorders.  In  the  majority  of  these  cases  a  diet  was  recommended  supple- 
mented with  some  form  of  fermented  milk.  The  laboratory  has  furnished 
162  quarts  of  this  milk  ^vith  75  per  cent  of  the  cases  reporting  beneficial  results 
from  the  fermented  milk  as  part,  of  the  diet. 

I  have  also  made  15  autogenous  vaccines  for  the  treatment  of  chronic  bac- 
terial infections,  6  complete  blood  counts,  2  blood  cultures,  2  examinations 
of  human  milk  being  used  for  infant  feeding,  and  5  examinations  of  milk  for 
the  presence  of  Bad.  tuberaUosis. 

[Robert  L.  Tweed.] 

In  the  report  of  progress  made  by  Research  Associate  Ruehle  on  Adams 
project  lb,  I  would  call  your  attention  in  particular  to  the  recommendations 
relative  to  cooperation  with  the  Sections  of  Chemistry  and  Dairy  Hus- 
bandry. From  the  standpoint  of  economy,  efficiency  and  determination  of 
speedy  results  this  co-operation  is  imperative.     Mr.  Ruehle's  report  follows: 

My  time  was  devoted  this  year  to  three  lines  of  effort,  namely,  (1)  teaching; 
(2)  work  of  a  popular  nature,  and  (3)  research  work  on  the  "Keeping  quality 
of  butter,"  (project,  Adams  lb). 

The  work  of  a  popular  nature  consisted  in  answering  numerous  letters  of 
inquiry  relative  to  dairy  hygiene,  and  inspection  and  analyses  of  the  milk  sup- 
plies of  East  Lansing  and  the  College.  Several  minor  investigations  were  made 
of  the  sanitary  condition  of  various  dairy  products  but  nothing  was  fpupd  of 
sufficient  interest  to  warrant  a  description  of  the  work.  -.i\ol(^> 
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The  research  work  on  the  "Keeping  qualities  of  butter,"  was  continued 
along  the  line  of  the  work  done  last  year.  At  the  October  meeting  of  the 
Lansing  section  of  the  Society  of  American  Bacteriologists,  a  paper  was  read 
on  the  subject,  "Metallic  flavor  in  dairy  products  with  special  reference  to 
butter".  The  following  is  an  abstract  of  this  paper,  which  appeared  in  the 
March,  1921,  issue  of  "Abstracts  of  Bacteriology": 

Experiments  were  conducted  in  which  iron  lactate  and  copper  lactate  at  the 
rate  of  200  parts  per  million  were  added  to  cream  that  was  made  into  experi- 
mental butters.  The  latter  were  studied  both  when  fresh  and  after  a  period 
of  cold  storage.  It  was  found  that  both  salts  were  capable  of  producing  the 
flavor  in  fresh  butter.  In  storage  butter  the  metallic  flavor  was  followed  by 
tallowinesB  and  fishy  flavor  in  the  case  of  the  addition  of  copper  lactate,  and 
of  indefinite  off  flavors  in  the  case  of  iron  lactate. 

Two  bacteria  of  the  B.  s^^iHs  group,  one  isolated  from  metallic  flavored 
butter  and  the  other  from  a  sample  of  bitter  milk,  when  inoculated  into  the 
cream  which  was  then  made  into  butter,  produced  the  flavor  very  faintly 
when  the  butter  was  fresh,  but  after  varying  periods  of  storage  produced  the 
flavor  to  a  notable  degree. 

Other  members  of  the  B.  subtilis  group  when  inoculated  into  fresh  milk, 
produced  the  flavor  in  24  to  72  hours  when  the  milk  was  held  in  an  ice  box. 
The  rapidity  of  development  of  the  flavor  seemed  to  be  correlated  with  the 
ability  of  the  microorganisms  to  produce  peptonization  of  litmus  milk  when 
held  at  37°  C.  The  members  of  the  B.  sublilis  group  which  were  found  to 
produce  metalhc  flavor  were  (1)  B.  mycoides;  (2)  B.  megaiherium;  (3)  B. 
vulgaius,  {meseniericus  mdgaius);  (4)  B.  ramosus;  (5)  B.  BvUilis  (laboratory 
strain)  and  (6)  B.  subtilu  (American  museum  of  natural  history  strain).  A 
control  tube  was  not  metallic  but  the  addition  of  Difco  'peptone'  resulted  in  a 
flavor  very  similar  to  metallic. 

Further  experiments  are  in  progress  and  will  be  reported  fully  later. 

Since  the  above  abstract  was  written  it  has  been  discovered  that  one  of  the 
bacteria  referred  to  in  the  paragraph  beginning  'Two  bacteria  of  B.  svbtilis 
group',  etc.,  is  not  a  member  of  the  B.  svbtilis  group,  but  is  probably  B.  ftuor- 
eacena  Hquefadens.  This  is  the  organism  which  was  isolated  from  bitter  milk, 
reported  two  years  ago.  (See  Ann.  Report  Bact.,  1919).  A  more  rigid 
examination  of  the  above  mentioned  organisms  may  result  in  a  revision  of 
names. 

A  summary  of  the  same  data  appeared  also  on  page  103  in  the  February, 
1921  issue  of  the  Experiment  Station  Quarterly  under  the  title  of  "Off-flavors 
in  Butter".  A  fuller  account  of  these  investigations  is  being  prepared  for 
presentation  to  a  suitable  joiunal. 

It  is  planned  to  continue  this  work  and  other  similar  work  as  soon  as  suffic- 
ient funds  are  available  to  support  it.  In  the  meantime  a  study  is  being  made 
of  the  microflora  of  off-flavored  butters,  with  the  view  to  comparing  their 
floras  with  those  of  good  flavored  butters.  In  this  way  it  is  hoped  to  lay  the 
foundation  for  future  work  in  this  field. 

I  suggest  that  it  would  be  well  to  ask  the  Chemistry  Hection  to  cooperate 
with  us  on  this  problem,  even  to  the  extent  of  becoming  jointly  responsible 
for  the  project  (Adams  lb) .  I  find  it  impracticable  to  do  the  necoNKary  chemi- 
cal work  myself.  At  the  present  time  it  is  desirable  to  determine  whether 
certain  off-flavored  butters  have  appreciable  amounts  of  iron,  copper,  lead  or 
line  salts  present  and,  if  so,  to  what  extent.  Some  of  the  work  which  I  have 
done,  and  work  done  at  other  places,  suggests  that  these  salt-s  are  the  exciting 
cause  of  certain  off-flftvors,  notably  metftlUe  and  tallowy  flavors,    ^  large 
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number  of  samples  of  butter  should  be  examined  for  tlicir  content  of  these 
metals  and  experiments  should  be  performed  to  show  the  amounts  required 
to  produce  the  results,  the  chemical  reactions  taking  place  and  the  conditions 
which  determbic  what  takes  place. 

It  would  be  advantageous  also  to  have  the  Dairy  section  partly  respon- 
sible for  the  project,  since  they  arc  in  closer  touch  with  the  buttermaking 
industry  and  could  give  the  work  a  practical  direction  and  interpretation,  as 
well  as  assist  us  in  the  manufacture  of  experimental  butters  and  in  the  judging 
of  the  butters  being  studied. 

[G.  L,  A.  Ruehle.] 

I  take  thcliberty  to  quote  from  my  report  for  this  year  to  the  president: 

"It  is  with  no  small  measure  of  regret  that  I  announce  the  retirement  by 
resignation  of  Mrs.  Zae  Northrup  Wyant  at  the  close  of  the  fiscal  year.  I 
shaH  take  occasion  to  speak  of  her  work  in  my  report  to  the  Director  of  the 
Experiment  Station.  When  I  took  charge  of  the  laboratory  in  1912,  she  was 
engaged  in  research  exclusively.  Since  then  she  has  been  under  the  necessity 
of  teaching  many  classes  under  many  circumstances.  Without  fail,  she  has 
measured  up  to  the  responsibilities  and  with  ability,  energy  and  rare  good 
nature  she  has  proved  what  had  already  been  demonstrated  in  the  field  of 
investigation,  that  in  the  students'  laboratory  she  could  command  the  respect 
of  and  stimulate  and  inspire  all.  Her  capacity  for  work  and  versatility  in 
a  setting  of  rare  good  humor  is  without  equal  in  my  experience.  She  leaves 
a  lasting  impress  on  this  institution  and  on  the  science  of  bacteriology." 

A  very  casual  study  of  this  Experiment  Station's  records  for  the  past  four- 
teen years  will  reveal  the  tremendous  amount  of  worth  while  work  accomplish- 
ed by  Mrs.  Wyant.  There  are  to  her  credit  a  considerable  number  of  technical 
bulletins,  popular  bulletins,  and  lengthy  contributions  to  the  annual  reports 
in  the  field  of  dairy,  soil,  fermentation,  entomolopcal  and  general  bacteriology. 
She  has  also  to  her  credit  numerous  scientific  and  popular  papers  in  the  cur- 
rent periodicals  and  journals.  Her  resignation  meant  a  distinct  loss  to  the 
College  and  Station  and  we  fear  to  science,  and  put  us  in  the  very  difficult 
position  of  locating  a  wortiiy  successor,  competent  to  carry  on  her  work. 

Research  Associate  Zae  Northrup  Wyant,  in  leaving,  places  in  our  hands 
a  complete  record  of  her  unpublished  work. 

The  following  is  a  brief  report  of  some  of  the  work  which,  for  the  past  year 
and  practically  up  to  the  present  time,  has  been  under  her  immediate  super- 
vision : 

Silage  poisoning:  Fourteen  samples  of  silage,  two  samples  of  oats,  and  one 
each  of  com  and  hay  were  sent  in  for  analysis.  Either  they  were  suspected 
of  poisoning  stock  or  merely  sent  in  to  see  whether  they  were  fit  to  feed. 
B.  botidinua  was  found  in  none  of  the  samples,  although  cultures  from  several 
of  the  samples  were  suspected  of  containing  these  organisms.  Two  samples 
of  silage  were  good  and  their  feeding  was  recommended. 

No  silage  inoculation  experiments  were  carried  on  this  year. 

Flax  rettinfj:  No  work  has  been  done  until  the  last  few  weeks  of  the  year 
upon  this  problem.  Miss  Trevithick,  a  student,  is  just  beginning  some 
research  work  upon  this  subject  under  the  direction  of  Mr.  Tweed. 

Vinegar:  From,  July  1,  1920  to  June  30,  1921,  two  hundred  ninety  three 
requests  for  vinegar  cultures  were  received;  329  yeast  cultures  were  sent  out, 
not  including  25  gallons  of  starter  sent  to  a  Michigan  canning  company  for 
manufacturing  vinegar  stock,  also  332  cultures  of  acetic  bacteria  f^i}  56  lots 
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of  chemicala  for  making  honey  or  maple  syrup  vinegar.  Of  the  batches  of 
chemicals,  53  were  for  making  honey  vinegar,  and  2  for  maple  and  1  for' 
molasees  vinegar.  Most  of  the  honey  vinegar  cultures  were  sent  out  of  the 
state.  In  addition  potassium  metabisulfite  was  sent  to  two  different  people 
to  aid  in  controlling  of  fermentations. 

The  increase  in  requests  for  vinegar  cultures  appears  to  be  due  largely  to 
timely  articles  on  vinegar  which  have  been  published  in  the  quarterly  bulletin, 
or  to  reviews  of  Special  Bulletin  No.  98  on  "Vinegar"  published  in  various 
farm  papers.  A  considerable  number  of  the  requests  for  honey  vinegar  have 
resulted  from  the  publicity  gained  by  an  article  entitled  "Profit  in  Honey  Vine- 
gar," written  by  R.  H.  Kelty  of  the  Entomological  section  and  published  in 
the  November,  1920  number  of  "Gleanings  in  Bee  Culture". 

Requests  for  vinegar  cultures  were  received  from  53  counties  this  year  as 
against  26  counties  last  year;  thirty  four  of  the  53  counties  ordered  no  cultures 
last  year,  while  only  7  of  those  obtaining  cultures  last  year,  failed  to  send  in 
a  request  this  year.  This  makes  an  increase  of  27  counties  or  one  more  than 
double  the  number  of  counties  reached  by  the  quarterly  bulletin  and  other 
advertising  methods  this  year.  Of  the  293  requests,  196  came  from  Michigan 
counties,  and  97  were  from  other  states  and  from  Canada. 

The  table  follows: 
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NLMBEll  OF  11EQUK«TS  FOR  VINEGAR  CLLTITRES  SENT  OUT  FROM  JULY  1,  IBM  TO 
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Ten  out  of  the  59  samples  analyzed  were  found  to  be  market  standard 
(4  per  cent)  or  above,  while  only  5  were  found  to  be  worthless.  The  remaining 
44  samples  theoretically  would  make  good  vinegar  if  optimum  conditions  are 
provided  for  the  vinegar  organisms. 

Several  parties  have,  in  this  and  other  states,  made  inquiry  concerning  mak- 
ing cider  and  other  vinegars  on  a  large  scale.  The  technical  portions  of  these 
inquiries  were  referred  to  the  Farm  Mechanics  department. 

The  new  prohibition  law  has  caused  the  farmers  and  others  who  have  vinegar 
to  sell  or  wish  to  make  vinegar  to  sell,  or  wish  to  keep  their  cider  sweet,  to 
send  inquiries  to  this  laboratory  concerning  the  legal  formalities  necessary  for 
obtaining  permission.  All  such  inquiries  were  referred  to  the  federal  pro- 
hibition director.  Federal  Building,  Detroit.  Many  inquiries  have  also 
come  in  with  regard  to  methods  of  preserving  sweet  cider.  Pasteurization 
was  recommended  and  in  a  few  cases  where  the  labor  and  expense  of  this  would 
be  too  great,  the  addition  of  0.1  of  1  per  cent  of  sodium  benzoate  was  advised. 

An  instructor  in  the  Clemson  Agricultural  College,  South  Carolina,  was 
interested  in  making  vinegar  out  of  waste  watermelons.  Advice  as  to  the 
method  of  procedure  was  given,  but  the  first  attempts  were  unsuccessful. 
The  experiment  will  be  repeated  this  year,  using  further  precautions  suggested 
since  it  seems  that  there  is  no  reason  why  vinegar  could  not  be  made  from  this 
raw  material. 

Twenty-five  gallons  of  yeast  starter  was  sent  in  the  fall  upon  request  to  a 
Michigan  canning  factory,  which  utilizes  its  by-products  as  vinegar  stock. 

A  few  samples  of  vinegar  have  been  received  which  showed  the  typical 
darkening  due  to  soluble  iron  salts  or  to  tannin.  Analysis  proved  iron  to  be 
present.     For  the  remedy  the  owner  was  referred  to  Special  Bulletin  No.  98. 

A  New  York  commercial  firm  dealing  in  beverages  requested  that  this 
laboratory  furnish  them  with  commercial  quantities  of  the  vinegar  yeast 
and  bacteria.  This  request  was  refused  but  the  name  of  a  commercial 
biological  supply  laboratory  near  the  beverage  supply  company  was  sug- 
gested as  a  possible  source  of  continual  supply.  Evidently  a  satisfactory 
agreement  was  made  since  a  request  for  the  two  vinegar  cultures  was  receivp<l 
by  this  laboratory  from  the  biological  supply  laboratory. 


Pickles:    One  request  was  received  for  information  as  to  why  cucumlier 
pickles  became  mushy.     It  was  advised  to  use  paraffin  to  exclude  the  air  tlur- 
ing  and  after  the  fermentation  since  the  organisms  causing  this  type  of  ■ 
<lecomposition  in  pickles  need  air  for  growth.  . 

Pectin:  A  large  Chic^o  mail  order  firm  requested  information  as  to  the 
advisibility  of  using  pectin  in  making  jellies,  and  also  wantet!  to  know  what 
kind  and  size  of  package  would  appeal  most  to  the  housewife.  Since  the 
laboratory  has  carried  on  some  experiments  with  commercial  pectin,  it  was 
advised  that  this  product  has  a  certain  place  in  the  household  for  us*'  with 
fruit  juices  containing  little  or  no  pectin.  The  information  was  given  that  the 
commercial  pectin  used  was  put  up  in  quart  seal  fast  jars  and  was  preserved 
with  benzoate  of  soda. 

Canned  peas:  A  sample  of  canned  peas  removed  from  the  can  and  placed 
in  a  sterile  bottle  was  sent  in  for  analysis  since  they  didn't  "taste  right". 
Since  it  is  very  difficult  for  one  trained  to  handling  material  "aseptically" 
to  remove  food  from  a  can  and  place  it  in  a  sterile  container,  it  is  very  prob- 
able that  these  peas  were  contaminated  in  this  way  and  of  course  the  germs 


168  STATE  BOARD  OF  AGRICULTUBB. 

hfid  a  favorable  opportunity  to  grow  while  the  eample  was  in  transit.  Need- 
less to  say  many  bacteria  of  different  types  were  found  to  be  present  but 
B.  botvlimis  was  not  found.  This  is  probably  the  information  which  was 
desired  anyway,  since  the  several  Outbreaks  of  botulism  have  stimulated  the 
housewife  to  be  on  the  alert  for  spoiled  canned  goods. 

CariTied  corn:  Three  samples  of  canned  corn  were  sent  in  for  analysis. 
One  sample  was  said  to  taste  sour  and  the  question  was  asked:  "Is  B. 
botidiniis  present?"  Yeasts,  diplococci  and  a  few  small  gram  positive  rods  in 
short  chains,  but  no  B.  botulimts  was  found.  The  can  containing  the  second 
sample  of  corn  had  a  cracked  cover.  It  was  stated  that  many  of  the  cans  of 
com  of  this  pack  showed  the  same  phenomenon.  It  was  not  easy  to  say 
whether  the  covers  were  defective  or  whether  so  much  gas  formed  in  the  can 
that  the  cover  couid  not  stand  the  strain.  In  every  case,  it  was  stated,  the 
com  was  apparently  contaminated  with  microorganisms.  The  corn  in  this 
particular  case  was  moldy,  slimy,  contained  quantities  of  gas  and  many  small 
flies  and  their  larvie.  The  corn  had  a  soxu-,  putrid  odor.  No  spore-forming 
organisms  were  found  to  be  present,  consequently  the  cracked  cover  was 
attributed  to  defective  glass  or  too  strong  a  spring. 

A  sample  of  conmiercially  canned  com  was  placed  at  65°  C.  to  see  whether 
it  contained  thermophites  before  inoculating  with  a  pure  culture  of  a  thermo- 
phile  abeady  isolated.  This  corn,  after  about  two  weeks'  incubation,  was 
found  to  have  an  odor  and  to  contain  a  thermophile  resembling  the  pure 
culture.  The  corn  was  very  much  disintegrated  and  mushy,  and  considerable 
gas  was  present. 

Canned  siring  beans:  The  beans,  canned  m  glass,  had  been  opened  and 
touched  with  the  fingera  to  determine  their  consistency  which  was  said  to 
be  mushy.  They  were  said  to  have  an  off  odor.  Microscopical  examination 
proved  them  to  contain  but  veryfeworganisms.  There  wasno  gas,  no  sedi- 
ment and  the  juice  was  clear.  These  beans  were  evidently  all  right  since 
cultural  tests  were  negative. 

Canned  tomatoes:  The  tomatoes  examined  were  canned  by  the  open 
kettle  method.  This  can  (sealfast)  was  a  leak.  The  tomatoes  appeared  full 
of  gas  and  somewhat  disintegrated,  but  the  odor  was  normal.  A  slender 
rod  with  a  terminal  spore  was  isolated  and  found  to  be  the  cause  of  the  gas 
production. 

Canned  beets:  A  can  of  commercially  canned  beets  was  brought  in  which 
appeared  to  be  all  right  but  on  opening,  the  beets  were  found  to  be  black, 
and  this  blackening  was  found  to  extend  to  the  center  of  the  beet.  The 
odor  and  taste  was  said  to  be  normal.  Gram  negative  gas  forming  bacteria 
resembling  B.  tetani  morphologically,  were  found  to  be  numerous  as  also 
were  large  gram  positive  aarcines. 

Canned  pineapples:  A  swelled  can  of  commercially  packed  pineapples, 
supposed  to  be  poisonous,  was  examined  and  found  to  contain  only  yeasts 
in  numbers.  The  odor  and  taste  was  of  ethyl  alcohol.  Analysis  showed 
4.16  per  cent  alcohol  by  weight  to  be  present.  Guinea  pig  inoculation  proved 
negative. 

Canned  pickled  pears:  These  pears  had  been  removed  from  a  commercially 
canned  gallon  can  which  was  a  swell.  The  contents  were  thought  to  be 
poisonous.  The  juice  had  a  bluish  fluorsecence.  Two  pure  cultures  (gram 
negative)  isolateci  were  very  vigorous  gas  producers  at  37^.  They  were  not 
B.  bolulinis  however. 

Canned  asparagus:    This  can  was  not  a  swell  but  the  liquid  was  cloudy. 
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Gram  positive  rods  were  found  to  be  present  but  cultural  and  animal  inocula- 
tion tests  were  negative. 

One  of  the  state  hospitals  which  docs  its  own  canning  had  trouble  with 
spoilage  of  their  fruits  and  vegetables.  The  cans  used  were  2  qt.  Mason  jars 
and  they  were  planning  to  discard  these  and  use  gallon  jars  instead  to  see 
whether  the  spoilage  couldn't  be  prevented  in  this  way.  Advice  was  given 
to  the  effect  that  it  would  tie  poor  pohcy  from  the  "keeping"  as  well  as  from 
the  economic  standpoint  to  make  this  change  since  their  trouble  evidently 
came  from  the  failure  of  heat  penetration  in  the  2  quart  jars.  The  processing 
periods  advised  in  the  cold  pack  method  are  for  quart  and  pint  jars  which  have 
a  lesser  diameter  than  the  2  quart  and  thus  the  heat  will  more  quickly  pene- 
trate.   It  is  obvious  that  the  use  of  gallon  jars  TOOuld  not  solve  this  trouble. 

[Zae  Northrlip  Wyant]. 

Fifty  samples  of  soil,  silage  and  manure  have  been  sent  upon  request  to 
the  University  of  California  where  they  will  be  analyzed  for  the  presence  of 
B.  botulinus. 

The  investigations  on  foods  and  fermentations  are  to  be  continued  by  Mr. 
Robert  L.  Tweed. 

Mrs.  Wyant  reports  further  on  her  soil  studies: 


One  season  has  passed  since  undertaking  the  microbial  peat  decomposition 
experiment  which  employed  buckwheat  as  a  crop  indicator  of  microbial  activi- 
ties in  peat  soil,  with  very  interesting  results.  In  the  first  place  the  manure 
organisms  caused  a  very  startUng  increase  in  the  yield  of  seed  over  that  of 
peat  uninoculated.  Peat  alone  gave  a  yield  of  3  bushel  per  acre  while  peat 
inoculated  with  manure  organisms  gave  a  yield  of  104.8  bushel  per  acre,  peat 
plus  rock  phosphate  yielded  buckwheat  seed  at  the  rate  of  44 .3  bushel  per  acre , 
while  the  same  combination  plus  manure  organisms  gave  a  yield  of  101.1 
bushels  per  acre. 

The  various  composts  used  as  soil  gave  very  good  yields  also.  Compost 
A  which  contained  peat,  rock  phosphate  and  manure  gave  a  yield  of  68.3 
bushel  per  acre.  This  most  probably  would  have  been  considerably  larger 
if  the  plants  hadn't  been  destroyed  by  rabbits  when  they  were  quite  large, 
necessitating  the  setting  in  of  more  plants.  Compost  B  (peat  and  rock  phos- 
phate with  compost  A  as  an  inoculum)  gave  a  yield  of  80.7  bushel  per  acre, 
while  compost  I+M  which  contained  sulfur  in  addition  to  the  peat  and  rock 
phosphate,  gave  a  yield  of  94.5  bushel  per  acre.  Thus  it  was  made  evident 
that  microorganisms  play  a  considerable  part  in  crop  yield. 

Either  sulfur  or  rock  phosphate  or  a  combination  of  the  two,  or  sand  were 
found  to  be  desirable  adjuncts  to  peat.  The  particular  type  of  clay  used, 
however,  seemed  to  depress  yields  in  most  cases.  The  stimulatii^  or  de- 
pressing action  respectively  of  the  various  additions  seemed  to  affect  the 
microbial  flora,  especially  particular  types. 

As  a  rule  composted  peat  seemed  slight  better  as  a  soil  than  raw  peat  to 
which  compost  or  other  materials  was  added  but  this  is  not  suflSciently  marked 
to  advise  its  use  in  agricultural  practice. 

From  the  standpoint  of  seed  yield,  it  was  found  to  be  profitable  to  compost 
peat  with  rock  phosphate  before  using  it  as  a  soil  or  as  a  fertilizer. 


[Zae  Northrup  Wyant.] 
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The  salient  points  brought  out  in  these  investigations  will  be  submitted  as 
a  technical  bulletin  in  the  future. 

The  investigations  on  microbial  decomposition  of  peat  are  to  be  continued 
under  the  direction  of  Dr.  Robert  M.  Snyder. 

Research  Associate  Cooledge,  has  profited  by  his  advantage  in  not  being 
required  to  spend  any  time  in  the  class  room  or  student  laboratory  as  evi- 
denced by  the  very  satisfactory  report  of  progress  which  follows: 

During  the  past  year  I  have  continued  work  upon  project  Adams  3a,  which 
has  the  following  for  its  object: 

(a)  A  study  of  methods  in  use  at  the  present  time  for  determining  the 
bacteriological  condition  of  dairy  products. 

(b)  An  attempt  to  develop  new  methods  where  the  old  are  found  inade- 
quate. 

(c)  A  study  of  bacteriological  problems  relating  to  market  milk  by  means 
of  te.sts  developed  under  {a). 

Progress  made  upon  this  problem  lias  been  reported  as  follows: 

1919-1920. 

The  keei>ing  quality  of  milk  as  judged  by  the  colorimetric  hydrogen-ion 
determination  (L.  H.  (.'oole<ige  and  R.  W.  Wyant),  Journal  of  Dairy  Science, 
Vol  III,  No.  2,  March,  1920,  Michigan  Academy  of  Science,  March,  1920; 
I-ocal  Section  of  American  ('hemical  Society,  April  1930;  Local  Section  of 
Society  of  American  Bacteriologists,  Detember,  1920. 

An  improved  comparator,  Journal  of  Industrial  and  Engineering  Chem- 
istry, Vol.  12,  No.  5,  May,  1920. 

1920-1921. 

Judging  the  keeping  quality  of  milk  by  a  pH  method,  laboratory  section 
American  Public  Health  Association  at  San  Francisco,  California,  Sept.  15, 
■  1920.     In  American  Journal  of  Public  Health,  December,  1920. 

A  new  laboratory  method  of  determining  the  condition  of  milk.  Michigan 
Public  Health  Association,  Bay  City,  May  26,  1921. 

The  two  following  papers  covering  work  completed  during  the  past  year 
have  been  completed  and  are  ready  to  submit  for  publication: 

The  colorimetric  hydrogen-ion  determination  as  a  means  of  studying  bio- 
logical changes  in  dairy  products,  and 

An  experiment  in  improving  the  milk  supply  of  a  city  milk  plant.  By  L. 
H.  Cooledge,  Bacteriological  section  and  0.  T.  Goodwin,  Dairy  section. 

Problems  wliich  1  have  under  way  are  progressing  favorably  and  give 
promise  of  very  interesting  results. 

(L.  H.  Cooledge.] 

The  bovine  infectious  abortion  project  (Adams,  3b)  has  continued  under 
the  aggresisivc  leadership  of  Research  Associate  Huddleson,  during  the  year. 
Very  satisfactory  progress  on  this  vital  problem  is  indicated  by'the  following 
rei>ort ; 

During  tlie  past  year  my  time  lias  been  largely  occupied  with  the  problem 
in  Ixivinc  infectious  alwrtion.  Ad<litional  work  has  consisted  of  teaching 
(Bacteriology  19),  examining  blood  samples  (bovine  origin)  for  bovine  infec- 
tious abortion  and  bacteriological  examination  of  material  from  both  animal 
and  human  origin. 

One  trip  was  matic  during  the  year  to  Coldwatcr,  Micjiigan,  for  the  pur- 
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pose  of  giviDg  two  herds  of  dairy  cattle  the  vaccine  treatment  for  infectious 
abortion. 

The  following  papers  have  been  submitted  during  the  past  year: 

Studies  in  infectious  abortion.  Presented  at  the  annual  meeting  of  the 
American  Veterinary  Medical  Association,  Columbus,  Ohio,  August,  1920., 
Journal  of  the  American  Veterinary  Medical  Association,  Vol.  II,  No.  5, 1921. 

The  accurate  diagnosis  of  bovine  infectious  abortion.  Presented  at  the 
annual  meeting  of  the  U.  S.  Live  Stock  Sanitary  Association,  Chicago,  Illinois, 
December,  1920.  Vide  annual  report  for  1920  of  the  U.  S.  Live  Stock  Sani- 
tary Association. 

The  bleeding  of  cattle  and  swine  for  the  blood  test  for  infectious  abortion. 
Vide  Michigan  ,\gricultural  Experiment  station  quarterly,  November,  1920. 

The  importance  of  an  increased  carbon  dioxide  tension  in  growing  Bad. 
abortus  (Bang).  Presented  by  Ward  Giltner  at  the  annual  meeting  of  the 
American  Society  of  Bacteriologists,  Chicago,  December,  1920.  Vide 
Cornell  Veterinarian,  July,  1921. 

The  problems  in  the  investigation  of  infec'tious  abortion  which  were  sub- 
mitted in  the  report  for  1919-20  have  been  studied  further  together  with  new 
problems  which  have  suggested  themselves  in  the  course  of  the  investigation. 
Very  little  progress  has  been  made  in  one  or  two  of  the  important  problems 
owing  to  the  limitations  of  the  experimental  herd  and  to  the  fact  that  the  same 
animals  could  not  be  used  for  two  investigations  at  the  same  time. 

We  have  housed,  in  the  experimental  bam  at  the  present  time  twelve  eowa, 
fourteen  heifers,  one  bull  and  two  male  calves.  In  addition  I  have  added 
seven  sows  for  the  purpose  of  conducting  investigations  in  swine  abortion. 

The  problems  which  are  under  investigation  are: 

1.  The  inununization  of  eows  and  heifers  against  infectious  abortion  using 
killed  and  living  cultures  of  Bad.  aborltts  (Bang). 

Owing  to  the  large  number  of  factors  involved,  the  solution  of  this  problem 
is  slow.  A  large  number  of  animals  must  be  employed  and  experiments 
repeated  before  conclusions  can  be  drawn.  The  data  which  have  accumu- 
lated from  our  own  experimental  herd  while  yet  few,  are  very  encouraging. 
Several  herds  in  the  State  have  been  treated,  but  sufficient  time  has  not 
elapsed  for  the  tabulation  of  the  final  results. 

2.  The  routes  through  which  Bad.  abortus  gain  entrance  to  the  body. 
This  problem  is  still  under  investigation. 

3.  The  bactericidal  effect  of  different  chemical  agents  in  rivo  against  Bad. 
abortus.  The  work  on  this  problem  did  not  progress  very  rapidly  during  the 
past  year  owing  to  the  employment  of  the  animals  in  other  experiments. 

4.  A  study  of  the  antigenic  and  pathogenic  properties  of  many  strains  of 
Bad.  abortus.  The  work  on  this  problem  is  nearing  completion,  and  will 
soon  be  ready  for  publication. 

The  specificity  of  the  intradermal  test  audits  value  in  differentiating  be- 
tween infection  and  immunity. 

This  problem  has  not  progressed  as  rapiilly  as  was  planned,  owing  to  the 
discovery  that  the  abortin  when  injected  into  the  animal  would  give  rise 
to  the  development  of  agglutinating  and  complement  fixing  antibodies  in 
.  the  blood  of  the  animal  in  question.  Since  the  majority  of  the  animals  are 
on  inununization  experiments,  and  others  are  under  observation  for  the  re- 
turn of  the  above  antilx)dies,  the  appearance  of  antibodies  from  the  injection 
of  abortin  is  very  misleading  and  interferes  with  the  correct  interpretation  of 
results. 
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C.  The  isolation  and  cultivation  of  Bad.  aboHus.  Since  the  publication  of 
tlie  late  investigations  on  this  problem  much  thought  has  been  given  to  its 
practical  application  to  the  study  of  Bad.  abortua  infections  in  the  udder 
and  in  the  generative  organs.  I  feel  confident  that  the  medium  and  the 
method  of  isolation  {atmosphere  of  increased  COi  tension)  can  be  improved 
upon  but  little.  It  is  true,  that  in  the  isolation  of  Bad.  abortus  from  infected 
milk  by  means  of  gentian  violet  liver  agar,  there  are  occasions  when  a  repeated 
examination  fails  to  duplicate  the  former  findings.  A  plausible  explanation 
for  these  results  Is  that  there  are  days  when  the  organisms  are  not  discharged 
from  a  Bad.  abortus  lesion  in  the  udder  (if  such  a  lesion  exists)  into  the  milk. 
Similar  findings  are  encountered  in  isolating  typhoid  bacilli  from  the  feces 
of  carriers  or  individuals  during  the  disease  process.  The  method  of  isolation 
in  this  case  is  not  condemned  as  a  failure  when  succeeding  examinations  fail 
to  give  concordant  results.  To  demonstrat*  the  absence  or  presence  of 
Bad.  aborttis  in  milk  by  making  repeated  examinations,  this  method  is  just 
as  satisfactory  as  the  guinea  pig  method,  and  much  more  economical  and 
time  saving. 

Two  new  ])roblems  have  developed  and  are  now  under  investigation. 
They  arc : 

1.  The  observation  of  heifers  which  wore  infected  at  birth  for  the  return 
of  the  infection  (Bad.  afcortus). 

2.  Swine  abortion. 

(a)  Etiology. 

(b)  Susceptibility  to  Bad.  abortus.  (Bang). 

(c)  Prophylactic  and  therapeutic  measures  in  the  control  of  the  disease. 
There  were  received  during  the  year  238  blood  samples  (bovine)  (exclusive 

of  samples  from  the  experimental  herd)  for  the  application  of  the  agglutination 
and  complement  fixation  tests  for  infectious  abortion  of  which  95  or  39  per 
cent  were  jresitive  and  the  remaining  negative  to  one  or  both  tests. 

During  the  year  the  following  miscellaneous  specimens  have  been  received 
for  bacteriological  diagnosis. 


Soiirea. 

SiiBiieftol. 

TotU. 

p... 

Neg. 

J 

I 

Three  samples  of  feed  were  received  from  different  sources  and  reported 
as  being  the  cause  of  the  <lcath  of  live  stock.     These  samples  were  fed  to  rab-   , 
bits  and  guinea  pigs  with  negative  results  in  each  case. 

Then'  were  prt'iiarcd  during  the  year  seventeen  autogenous  vaccines 
for  boils,     ^'ery  favorable  results  were  reported  from  their  use." 

[I.  Forest  Huddleson]. 

Dr.  H.  J.  Stafseth,  Research  Associate,  was  given  leave  of  absence  for  a 
\Tar  beginning  February  1st,  1920.  Leave  of  absence  was  extended  to  July 
Iwt,  1921  and  he  was  given  the  title.  Research  Associate  and  Associate  Pro- 
fessor.    It  is  our  purpose  to  utilize  the  half  of  his  time  allocated  to  (ttolc 
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Experiment  Station  for  the  study  of  the  miscellaneous  animal  disease  problems 
that  necessarily  and  continually  arise  in  a  State  in  which  animal  husbandry  is 
a  highly  developed  branch  of  agriculture.  There  are  many  phases  of  the 
abortion  problem  that  are  worthy  of  more  attention  than  Mr;  Huddleson 
can  find  time  to  devote  to  them.  Poultry  diseases  constitute  a  great  menace 
to  a  very  extensive  industry  in  many  parts  of  the  State.  Hemorrhagic 
septicemia,  black  leg,  the  intercommunicability  of  tuberculosis  among  the 
various  species  of  domesticated  animals  and  many  other  animal  disease 
problems  await  a  satisfactory  solution. 

Research  Associate  Fabian  devotes  most  of  his  time  to  teaching,  but  he 
has  found  time  to  undertake  three  minor  problems  during  the  spring  term: 

The  first  problem  was  an  investigation  of  the  influence  of  a  solution  of  lye 
upon  the  bacterial  spores  of  B.  laroce.  The  lye  solution  is  recommended  by 
the  Entomological  section  for  use  in  connection  with  American  foul 
brood.  It  was  found  that  the  solution  they  recommend  was  of  sufficient 
strength  to  kill  the  spores  of  the  above  organism.  Mr.  Ivan  W.  Parks,  a 
senior  student,  greatly  assisted  in  this  work  and  we  expect  to  pul)lish  the 
results  of  the  work  at  an  early  date. 

The  second  problem  was  a  study  of  the  influence  of  various  kinds  of  glass- 
ware, used  for  shipping  water  samples  to  this  laboratory,  upon  the  bacterial 
count.  Every  imaginable  glass  container  is  used  to  send  in  water  from  over 
the  State.  The  water  is  in  transit  some  time  as  a  usual  thing  especially  from 
the  more  distant  points.  Mr.  W.  I*.  Mallmann,  who  has  charge  of  the  water 
analysis,  and  myself  undertook  to  determine  whether  the  glassware  did  have 
any  effect  and  whether  it  was  worth  while  testing  a  sample  after  it  had  been 
in  transit  several  days.  Our  data  suggested  that  the  glassware  had  little  or 
no  influence  and  that  there  is  value  in  such  an  examination  provided  all  the 
other  bacteriological  requirements  are  fulfilled,  such  as  taking  the  sample, 
etc.     Our  results  will  be  ready  for  publication  in  a  short  time. 

The  third  problem  was  a  study  of  the  hydrogen-ion  concentration  of  differ- 
ent kinds  of  glassware  when  sterilized  with  buffered  and  non-buffered  solu- 
tions. Mr,  Ross  C.  Stull,aseniorstudent,majoringinbacteriology,deserves 
full  credit  for  the  splendid  work  he  did  on  this  problem. 

It  was  while  working  with  sterilized  buffered  and  non-buffered  solutions  in 
the  laboratory  that  a  greater  change  was  noticed  in  the  hydrogen-ion  concen- 
tration in  the  case  of  the  latter  than  in  the  former.  Numerous  investigators 
have  shown  that  a  buffered  solution  resists  a  change  in  hy<lrogen-ion  concen- 
tration to  a  far  greater  extent  than  docs  an  unbuffered  solution;  but  to  what 
degree  different  kinds  of  glassware  influence  the  hydrogen-ion  concentration 
of  solutions  sterilized  in  it  has  not  been  studied  to  any  great  extent.  It  was  to 
study  the  influence  on  the  hydrogen-ion  concentration  of  a  buffered  and  a 
non-buffered  solution  when  sterilized  in  various  grades  and  different  kinds 
of  glassware  that  this  work  was  undertaken, 

Solviions:  For  the  non-buffered  solution  triple  distilled  water  was  pre- 
pared by  taking  distilled  water  that  came  from  our  laboratory  still,  -and 
redistilling  in  the  presence  of  potassium  dichromate  acidulated  with  sulphuric 
acid.  Barium  hydroxide  was  then  added  to  this  distillate  and  it  was  again 
distilled.  The  final  distillate  (conductivity  water)  was  collected,  its  hydro- 
gen-ion concentration  adjusted  to  pH=7.0,  and  used  for  the  non-buffered 
solution.  The  buffered  solution  was  the  standard  nutrient  broth  made  by 
adding  3  grams  of  meat  extract,  10  grams  of  peptone  (difco)  and  5  grams  of 
sodium  chloride  to  100  cc.  of  tap  water.  It  was  sterilized  and  its  hydrogen- 
ion  concentration  adjusted  to  pH=7,0. 
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Standard  solutions:  The  standard  solutions  used  were  prepared  accord- 
ing to  Clark  and  Lubs  (1),  (2).  The  acid  potassium  phosphate  solution  was 
made  from  Merck's  especially  prepared  salt  ("Scerensen's  potas^um  phos- 
phate") which  had  been  recrystallized  three  times  in  triple  distilled  water 
and  dried  to  constant  weight  at  110-115  C  The  sodium  hydroxide  solution 
was  made  from  chemically  pure  nmterial,  all  necessary  precautions  being  taken 
to  get  it  carbonate  free.  It  was  then  stored  in  a  paraffined  bottle  and  care 
taken  to  keep  it  free  of  C0|  and  moisture.  The  boric  acid  and  potassium 
chloride  salts  were  recrystallized  several  times  and  dried  according  to  direc- 
tions. The  proper  mixtures  were  made  and  stored  in  bottles,  the  more  alkaline 
series   being   stored    in   parafBned    bottles. 

Indicaiors:  Di  brom  ortho  thymol  sulphon  phthalein  (Brom  thymol 
blue),  pH  range  6.0 — 7.6,  and  thymol  sulphon  phthalein  (thymol  blue, 
alkaline  range),  pH  range  8.0 — 9,6,  were  made  to  0.04  per  cent  in  50  per  cent 
alcoholic  solution.  Phenol  su^hon  phthalein  (phenol  red),  pH  range  6.8 
— 8,4  and  Ortho  cresol  phthalein  (cresol  phthalein),  pH  range  8.2—9.8, 
were  made  to  0.02  per  cent  in  50  per  cent  alcoholic  solution. 

The  color  standards:  Ten  cubic  centimeter  quantities  of  the  standard 
buffer  mixtures  having  the  desired  pH  value  were  placed  in  colorless  g!a«s 
tubes  1.8  X  15  cm.  Ten  drops  of  indicator  covering  the  desired  pH  range  were 
then  added.  These  tubes  were  then  placed  in  a  Cooledge  comparator  (3) 
and  were  ready  to  use.  The  color  standards  were  placed  in  the  front  rack  of 
the  comparator  and  10  cc.  of  the  unknown  solution  containing  ten  drops  of 
the  proper  indicator  was  placed  in  the  rear  rack  of  the  comparator,  A 
compensating  blank  of  water  and  one  of  the  unknown  solution  were  then  in- 
serted in  the  rear  right  and  front  left  holes,  respectively,  of  the  comparator 
and  the  readings  made. 

PROCEDURE. 

Procedure  A.  New  glassware  that  had  never  been  used  was  secured  from 
stock  and  without  washing  or  treating  with  cleaning  solution  it  was  filled  with 
non-buffered  conductivity  water  which  had  been  adjusted  to  pH  7,0.  The 
glassware  was  then  autoclaved  for  30  minutes  at  16  pounds  pressure.  As 
Boon  as  the  water  had  cooled  down  to  20°  C,  10  c.  c.  samples  of  it  were  taken, 
10  drops  of  indicator  added,  and  the  pH  value  determined  in  the  Cooledge 
comparator  as  previously  described.  This  same  glassware  was  refilled  four 
times  with  non-buffered  conductivity  water  and  twice  with  broth,  autoclaved 
after  each  time  and  the  pH  value  determined.  This  was  done  to  determine 
the  effect  of  the  glassware  on  the  non-buffered  solution  and  to  see  if  the 
amount  of  alkali  was  sufficient  to  change  the  reaction  of  the  buffered  solution 
after  four  times  autoclaving  with  the  non-buffered  solution.  Six  different 
grades  and  kinds  of  glassware  were  treated  according  to  this  procedure  and 
were  marked  sets  la,  2a,  3a,  4a,  5a  and  6a  (see  tables  1  to  6). 

Procedure  B.  The  same  procedure  was  followed  with  a  different  set  of  the 
same  glassware  only  the  glassware  was  refilled  with  broth  and  autoclaved  six 
times  instead  of  four  times  with  conductivity  water  and  twice  with  broth. 
It  was  desired  to  know  if  sufficient  alkali  would  l>e  given  off  by  the  glassware 
to  change  the  hydrogen-ion  concentration  of  the  buffered  solution.  Six 
different  grades  and  kinds  of  glassware  were  treated  according  to  this  proce<iuro 
and  were  marked  sets  lb,  2b,  3b,  4b,  5b  and  6b.     (see  tables  1  to  6), 

Procedure  C.    It  is  common  laboratory  practice  to  wash  new  gk 
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with  cleaning  solution  (60  grams  potassium  dichromate,  60  c.  c.  sulphuric  acid, 
and  lOOOcc.  water)  to  get  rid  of  the  excess  of  alkalinity,  free  it  of  organic 
matter,  and  destroy  the  resistant  spore-forming  bacteria,  if  any  are  present. 
Accordingly  a  third  set  of  the  same  glassware  was  obtained  from  stock  and 
first  treated  with  cleaning  solution  as  follows:  The  glassware  was  filled  with 
the  cleaning  solution,  heated  30  minutes  in  flowing  steam,  rinsed  five  times  in 
tap  water  and  once  in  distilled  water.  It  was  then  treated  as  in  procedure  A. 
This  was  done  to  see  what  effect  the  cleaning  solution  had  on  the  glassware 
in  influencing  the  hydrogen-ion  concentration  of  the  buffered  and  non-buffered 
solutions  after  autoclaving.     (Sets  Ic,  2c,  3c,  4c,  5c  and  6c,  tables  1  to  6.) 


EXPERIMENTAL  WORK. 

Soft  glass  test  tubes  were  divided  into  sets  and  marked  set  la,  set  lb 
and  set  Ic,  Each  set  was  run  in  triplicate  as  outlined  in  procedures  A,  B 
and  C,     The  results  are  shown  hi  table  1. 
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DISCUSSION. 

It  is  very  evident  in  comparing  the  results  of  the  experiments  set  forth  in 
the  preceding  tables  that  there  is  a  decided  difference  in  the  hydrogen-ion 
concentration  of  the  buffered  and  non-buffered  solutions  after  these  solutions 
have  been  added  to  glassware  and  the  glassware  autoclaved  for  thirty  minutes 
at  fifteen  pounds  pressure.  This  shows  that  there  is  alkali  in  the  glassware 
sufficient  to  affect  the  hydrogen-ion  concentration  of  non-buffered  solutions 
to  a  considerable  extent.  It  also  shows^that  the  glassware  used  still  gives  off 
some  free  alkali  even  after  it  has  been  autoclaved  for  several  times.  In  the 
caae  of  the  buffered  solution  the  effect  of  the  alkali  given  off  from  the  glass- 
ware on  the  hydrogen-ion  concentration  was  negligible.  In  fact,  the  broth 
in  most  cases  showed  an  acid  reaction.  This  is  entirely  in  accord  with  the 
recent  finding  of  Foster  and  Randall  (4)  who  showed  that  broth  in  the 
neutral  range  {6.6 — 7.4}  undergoes  but  slight  changes  in  hydrogen-ion  con- 
centration. The  maximum  change  being  about  0.4  pH  and  in  the  majority 
of  cases  not  over  0.2  pH.  The  experiments  also  show  that  more  alkali  is 
given  off  from  soft  glassware  than  from  hard  glassware. 

Treating  the  glassware  with  cleaning  solution  before  autoclaving  with  the 
buffered  and  non-buffered  solutions  hatl  no  noticeable  effect  on  the  hydrogen- 
ion  concentration  of  either  solution.  In  each  case  the  hydrogen-ion  concen- 
tration of  the  glassware  that  had  been  treated  with  cleaning  solution  and  of 
glassware  that  had  not  been  so  treated  was  practically  the  same.    In  other 
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words,  cleaning  solution  didn't  affect  the  amount  of  alkali  given  off  during 
autoclaving.  However,  in  some  samples  of  glassware  not  treated  with 
cleaning  solution  before  autoclaving,  it  was  impossible  to  get  a  pH  reading, 
due  to  some  unknown  substance  which  destroyed  the  action  of  the  indicator. 
In  these  cases  new  samples  of  the  same  glassware  were  obtained  and  the 
experiment  repeated  several  times  with  the  same  results.  Sets  4a  and  4b, 
table  4 ;  sets  5a  and  5b,  table  5 ;  set  6b,  table  6 ;  and  set  4,  table  7,  In  working 
with  buffered  solutions  as  nutrient  broth,  nutrient  gelatin,  nutrient  agar,  etc., 
the  alkali  ^ven  off  from  glassware  during  autoclaving  has  no  appreciable 
effect  on  the  hydrogen-ion  concentration  but  in  less  highly  buffered  solutions 
it  may  be  sufficient  to  change  the  reaction  so  as  to  confuse  results.  Levy 
and  Cullen  (5)  have  found  the  increase  in  alkalinity  from  glass  containers  and 
ampules  sufRcient  to  decompose  aqueous  solutions  of  crystalline  strophanthin 
in  the  concentration  ordinarily  employed  in  the  clinic. 

BUMMABY. 

1.  Glassware  taken  from-  stock,  filled  with  a  non-buffered  solution  as 
conductivity  water  and  autoclaved  for  30  minutes  at  15  pounds  pressure 
yielded  enough  alkali  to  change  the  reaction  of  the  conductivity  water  from 
pH  7.0  to  pH  9.8. 

2.  The  amount  of  alkali  yielded  by  this  same  glassware  was  not  sufficient 
to  change  the  reaction  of  a  buffered  solution  as  nutrient  broth.  In  fact  the 
nutrient  broth  with  a  reaction  of  pH  7.0  before  autoclaving  had  a  reaction  in 
some  cases  of  pH  6.8  after  autoclaving  in  this  glassware. 

3.  Soft  glassware  yields  more  alkali  upon  autoclaving  than  does  hard 
glassware. 

4.  Glassware  treated  with  cleaning  solution  still  gives  off  alkali  after 
being  autoclaved.  In  some  cases  the  cleaning  solution  destroyed  or  neutral- 
ized substances  that  interfered  with  the  action  of  the  indicator. 

5.  The  practice  of  adding  cleaning  solution  to  new  glassware  before 
using  is  recommended. 

6.  Laboratory  workers  should  also  bear  in  mind  that  when  working  with 
non-buffered  solutions,  the  alkali  yielded  by  the  glassware  may  be  sufficient 
to  change  the  results  considerably. 
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Assistant  Professor  Mallmann  has  continued  in  charge  of  the  analysis  of 
rural  water  supplies.  We  have  taken  advantage  of  the  Quarterly  to  give  in- 
structions relative  to  the  collection  of  water  samples.     His  report  follows: 

During  the  past  year,  this  laboratory  has  tested  106  samples  of  water. 
Fifty-seven  of  these  samples  were  sent  in  from  rural  districts  and  represented, 
in  practically  every  case,  farm  wells.  Fifty  per  cent  of  these  samples  showed 
pollution,  according  to  the  standards  adopted  by  the  U.  S.  treasury  depart- 
ment and  were  reported  as  unfit  for  domestic  use. 

An  effort  is  always  made  to  help  the  farmer  improve  his  water  supply  and 
in  several  cases,  where  the  farmer  followed  our  directions,  the  cause  of  the 
pollution  was  removed  and  the  water  made  safe  for  domestic  use. 

Beginning  last  year,  we  have  required  that  a  full  history  of  each  well, 
accompany  the  sample.  We  required  this  because  we  believed  we  could 
judge  a  sample  more  accurately  and  further,  we  could  give  more  assistance 
with  less  correspondence.  The  questionnaire  has  been  of  greater  value  than 
we  even  anticipated.  It  has  given  us  the  opportunity  to  judge  the  water  by 
considering  all  probable  sources  of  pollution  and  thus  allowing  us  to  give  more 
advise  as  a  means  of  improving  the  supply. 

Besides  testing  all  samples  of  water  submitted  to  us,  we  have  also  kept 
close  watch  on  the  College  and  East  Lansing  water  supplies.  Both  of  these 
supplies  are  deep  wells  and  have  shown  no  signs  of  pollution  during  recent 
years. 

Examinations  of  the  College  swinuning  poo!  liave  been  made  also  twice  a 
week.  During  the  fall  term,  a  daily  test  was  made  to  determine  the  extent 
of  pollution  and  the  best  means  of  controlling  it.  A  further  study  will  be  made 
this  coming  fall.  At  present  the  water  is  purified  by  filtration  and  chlorina- 
atedlime.  The  chlorinated  hmc  is  added  at  the  rate  of  13  pounds  per  million 
gallons  of  water  twice  a  week.  The  use  of  chlorinated  lime  is  not  very  satis- 
factory and  it  is  recommended  that  a  liquid  chlorinator  be  installed.  This 
form  of  chlorination  has  proved  satisfactory  wherever  installed  and  the  cost 
of  installation  is  comparatively  low. 

[W.  A.  Mailman.] 

Research  Assistant  Snyder  has  pushed  the  work  with  the  nodule-forming 
bacteria  with  carefulness  and  vigor.  He  will  have  charge  of  the  soil  investi- 
gations (Adams  2c)  next  year  and  Frank  Davenport  (Mass.  Agr.  College,  '21) 
will  look  after  the  pure  culture  distribution. 

Dr.  Snyder's  report  follows: 
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[Robert  L.  Snyder] 

I  wish  to  take  tliis  opportunity  to  thank  you  in  behalf  of  myself  and  the 
other  memljers  of  the  department  for  your  unfailing  courtesy  and  liplpfulness 
during  the  past  year. 

Respectfully, 

WARD  GiLTNER, 

Bacteriologist. 
East  Lansing,  Michigan,  June  30,  1921 . 


REPORT  OF  THE  BOTANICAL  SECTION. 

Director  R.  S.  Shaw, 
Dear  Director  Shaw: 

I  have  the  honor  to  hand  you  herewith  the  following  report  for  the  Section 
of  Botany  for  the  year  closing  June  30th,  1921, 

The  staff  has  undergone  no  changes  as  compared  with  the  close  of  the 
previous  fiscal  year.  The  pathological  work  has  been  under  the  direction  of 
Dr.  G.  H.  Coons,  assisted  Ijy  Ray  Nelson  and  J.  E.  Kotiia.  The  physiological 
investigations  have  l)een  carried  on  by  Dr.  R.  P-  Hibbard  and  Mr.  H.  C. 
Young.  All  of  these  gentlemen  have  cooperated  with  me  in  planning  and 
carrying  out  the  work  and  deserve  great  credit  for  the  results  obtained. 

In  the  plant  dbease  wrok,  progress  has  been  made  along  the  study  of  cause 
and  control  of  certain  celery  diseases,  viz  :~-a  Fusarium  disease  of  celery  known 
also  as  Stunt  and  Red-heart,  for  which  Dr.  Coons  and  Mr.  Nelson  have  deter- 
mined the  cause  and  motle  of  spread  and  have  ma{le  progress  in  developing 
a  disease-resistant  strain :  Early  Blight  of  celery  which  has  been  the  subject 
of  investigation  under  Dr.  C'oons'  direction  by  L.  E.  Tisdale,  a  graduate 
student. 

Mr.  Nelson  has  been  following  up  his  work  on  the  breakdown  of  plants  in  > 
transit  and  in  storage.     He  has  determined  the  underlying  principles  and  is  ' 
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working  out  methods  of  control  and  prevention.  He  has  also  been  carrying 
on  further  investigations  with  the  coniothyrium  disease  of  cherries  which 
caused  serious  damage  in  certain  localities  in  Michigan  in  1919,  and  which 
has  proved  quite  destructive  in  many  parts  of  the  State  this  year,  although 
practically  absent  in  1920.  He  has  continued  the  work  on  Bean  Mosaic  and 
its  manner  of  transmission  from  plant  to  plant,  and  has  obtained  some  very 
interesting  results. 

Mr.  Kotila  has  been  devoting  practically  all  of  his  time  to  the  diseases  of 
potatoes,  particularly  those  that  are  of  importance  in  the  Upper  Peninsula, 
For  this  purpose  he  spent  all  of  last  summer,  and  has  been  since  early  in  May 
this  year  at  the  Upper  Peninsula  Experiment  Station  at  Chatham.  The  main 
diseases  being  studied  by  him  are  Black  Leg,  Mosaic,  and  Streak.  In 
addition  he  is  carrying  on  for  Dr.  Coons,  experimentson  control  of  potato  scab.' 
Considerable  attention  has  been  ^ven  by  him  also  to  the  leaf  bum  of  potatoes, 
of  which  the  inducing  cause  is  an  insect,  the  potato  leaf  hopper. 

In  addition  to  the  foregoing  lines  of  work,  minor  investigations  and  experi- 
ments have  been  made  in  connection  with  the  smuts  of  grains  and  a  good 
many  other  diseases  of  various  crops.  In  connection  with"  all  this  work  co- 
operation has  been  had  with  the  Plant  Disease  Survey  of  the  Department  of 
Agriculture,  Washington. 

The  physiolopcal  investigations  have  consisted  of  the  following  lines  of 
work: 

Dr.  Hibbard,  employing  Mr.  S.  Gershberg  as  an  assistant,  has  continued 
the  investigations  with  balanced  nutrient  solutions,  with  Marquis  wheat  as 
the  test  plant,  while  in  the  field  tests  with  various  proportions  of  fertilizer 
salts  have  been  made  using  oats  to  determine  to  what  extent,  if  any,  such 
tests  will  bear  out  the  results  obtEiined  from  culture  solutions. 

Dr.  Hibbard  and  Mr.  Young  have  been  cooperating  with  the  Horticultural 
department  in  the  fertilizer  experiments  in  an  apple  orchard  near  Grand 
Rapids.  This  neglected  orchard  is  being  primed  and  sprayed  in  the  regular 
way  and  has  been  divided  into  portions  which  are  given  different  fertilizer 
treatments.  This  department  is  cooperating  in  the  study  of  the  results 
by  determining  the  relative  rates  of  growth  with  the  different  fertilizer  treat- 
ments, the  assimilation  and  distribution  of  nitrogenous  compounds,  the  man- 
ufacture and  storage  of  starch,  etc.  In  order  to  obtain  results  from  which 
conclusions  can  be  drawn  with  safety,  this  work  must  be  carried  on  for  several 
years  more. 

Mr.  Young  has  continued  his  research  problem  on  the  effect  upon  the 
physiolt^cal  functions  of  plants  of  deficiencies  in  individual  nutrients.  The 
plant  on  which  experiments  have  been  made  this  past  year  has  been  the 
sugar  beet.  The  preliminary  experiments  have  revealed  some  very  remark- 
able facts.  The  work  is  being  continued  this  sunmier  in  the  field.  It  will 
naturally  be  many  years  before  the  results  are  complete  enough  to  draw  gen- 
eral conclusions. 

Aside  from  consulting  with  members  of  the  Botanical  section  upon  their 
problems,  I  have  had  but  little  opportunity  to  undertake  any  serious  investiga- 
tions. I  began,  however,  this  spring,  some  work  upon  the  Orange  Rust  of 
raspberries  and  blackberries,  which  it  will  take  a  year  or  so  more  to  bring  to  a 
satisfactory  completion. 

Respectfully , 

E.  A.  BESSEY, 

Botanist, 
East  Lansing,  Michigan,  June  'JO,  1921.  ' 
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KEFOUT  OF  THE  CHKMICAL  SECTION. 

Director  U.  S.  Shaw: 

I  submit,  herewith,  a  brief  rejiort  of  tlie  work  carried  on  by  the  Chemical 
section  for  the  year  ending  June  30,  1921. 

The  end  of  the  fiscal  year  marks  the  close  of  our  administration  of  the 
fertilizer,  feeding  stuffs  and  insecticide  control  laws.  The  fertilizer  law  has 
been  administered  by  the  Chemical  section,  under  the  direction  of  the  State 
Board  of  Agriculture,  since  its  passage  in  1885.  During  that  time  34  inspec- 
tion bulletins,  including  the  current  issue,  have  been  published.  The  use  of 
fertilizers  has  increased  greatly  during  this  time  and  especially  in  the  past 
ten  years.  In  1906  when  the  first  attempt  was  made  to  obtain  information 
on  this  point,  it  was  estimated  that  the  annual  consumption  was  approxi- 
mately 20,000  tons.  Last  year  (1920)  it  reached  the  high  mark  of  112,616 
tons. 

The  feeding  stuffs  inspection  has  Ix'en  conducted  by  this  section  since  1916 
and  the  results  of  the  service  that  has  Iwen  maintained  since  that  time  show 
a  decided  improvement  in  the  quality  of  the  feeds  now  l^eing  sold  throughout 
the  State.  This  is  very  vividly  illustrated  by  comparing  the  results  obtained 
on  cottonseed  meal  for  the  years  1916  and  1920. 


Year  entllng  July  Int. 

1018. 

1820. 

:s3 

IT^ 

The  insecticide  and  fungicude  law  was  passed  by  the  Legislature  in  1913. 
Although  the  fund  provided  for  the  prosecution  of  this  work  has  been  only 
$500  per  year  we  have  been  able  to  show  some  valuable  results  especially 
in  exposing  and  driving  o»it  of  the  State  several  worthless  preparations. 

During  our  administration  of  these  control  laws,  only  three  prosecutions 
have  been  made.  One  iinder  the  fertilizer  law  and  two  under  the  feeding 
stuffs  law. 

Much  of  the  success  of  this  work  has  been  due  to  the  efficiency  of  inspectors, 
A.  H.  Teske  and  E.  A.  Hebard.  It  is  to  be  regretted  that  this  change  neces- 
sarily marks  the  end  of  their  relations  with  this  section. 

In  connection  with  the  feeding  stuffs  inspection,  Mr.  0.  B.  Winter  has  been 
carrying  on  some  research  work  in  methods  for  detecting  the  ingredients  of 
mixed  feeds.  This  work  is  nearly  complete  and  will  be  continued  in  order 
that  the  results  may  l>c  published. 

HATCH  FUND. 

ITic  investigation  of  the  "alkaline  permangaiuite  method"  which  is  widely 
used  in  determining  the  quality  of  the  nitrogen  in  mixed  fertilizers  has  been 
continued  and  a  large  amount  of  interesting  and  valuable  data  obtained. 
The  first  report  of  this  work  will  appear  as  a  scientific  paper  in  an  early 
number  of   The   Journal  of  Industrial  and  Engineering  Chemistry.     This 
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work  is  of  great  interest  in  view  of  the  fact  that  there  is  a  very  strong  senti- 
ment, both  among  consumers  and  manufacturers  of  commercial  fertilizers, 
for  a  guaranteed  statement  of  the  available  instead  of  total  nitrogen. 

The  gasoraetric  method  for  the  analysis  of  limestone,  referred  to  in  my 
last  report,  is  being  further  studied  with  a  view  to  making  it  suitable  to  more 
general  application.  This  method  has  already  been  appFied  to  the  analysis 
of  baking  powders  and  considerable  work  has  been  done  in  collaboration  with 
other  analysts  with  the  object  of  having  it  adopted  as  an  official  method  in 
the  analysis  of  baking  powder  by  the  Association  of  Official  Agricultural 
Chemists.     The  results  will  be  published  in  the  journal  of  that  association. 

Some  cooperative  work  has  been  carried  on  in  conjunction  with  the  Entomo- 
logical section  on  the  reaction  of  feces.  The  object  of  the  work  is  to  deter- 
mine the  variation  in  the  reaction  and  its  relation  to  the  control  of  intestiral 


An  investigation  of  the  relation  of  the  reaction  and  carbon  dioxid  contc  nt 
of  milk  and  infection  with  B.  Abortus  has  been  started  in  cooperation  with 
the  Bacteriological  section.  Promising  results  have  been  obtained,  but  the 
work  is  still  too  new  to  warrant  a  prediction  of  its  value. 

ADAMS  FUND. 

Project  2b — "A  Study  of  the  Physical-chemical  Aspects  of  Soil  Acidity". 
Mr.  E.  J.  Miller  has  spent  practically  all  his  time  on  this  project  during  the 
past  year.  Special  attention  has  been  paid  to  the  fundamental  nature  of 
the  phenomenon  of  adsorption  and  its  bearing  on  soil  acidity.  One  phase 
of  tiie  subject  is  nearing  completion  and  results  of  a  fundamental  importance 
have  been  obtained. 

Project  2ba — "The  Organic  Nitrogenous  Compounds  in  Peat-Soils".  Work 
on  this  project  has  Ijeen  continued  along  lines  previously  outlined.  A  scien- 
tific paper  reporting  results  of  this  work  will  appear  in  the  current  volume 
of  Soil  Science. 

Project  2c — "A  Study  of  the  Preparation  and  Properties  of  Pure  Vegetable 
Proteins".  Work  on  this  project  has  been  confined  to  preliminary  studies  of 
the  methods  for  purifying  the  necessary  reagents  that  are  not  procurable 
from  manufacturers. 

MISCELLANEOUS. 

Two  hundred  thirty-four  samples  of  a  miscellaneous  nature  were  analyzed 
during  the  year.  This  includes  the  analysis  of  a  number  of  samples  of  stock 
tonics  and  conditioners  not  covered  by  the  feeding  stuffs  law.  Several  flour 
milk  were  inspected  during  the  year  for  the  purpose  of  securing  typical  and 
reliable  samples  of  wheat  mill  offals,  that  is,  bran  and  middlings.  This  was 
done  in  cooperation  with  the  Association  of  Feed  Control  Officials,  the  object 
being  the  establishment  of  chemical  standards  for  the  wheat  by-products. 

In  conclusion,  I  wish  to  call  your  attention  to  the  fact  that  all  of  the  members 
of  this  section  are  now  free  to  devote  their  entire  time  to  research  problems, 
and  we  stand  ready  and  willing  to  cooperate  with  other  sections  of  the  Experi- 
ment Station  on  problems  that  require  chemical  control.  We  feel  very 
strongly  that  all  chemical  problems  should  be  referred  to  the  Chemical  section 
and  we  urge  your  support  to  this  end. 

Respectfully, 

ANDREW  J. ^^ 

East  Lansing,  Michigan,  June  30,  1921. 
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REPORT  OF  THE  DAIRY  SECTION. 
Director  R.  S.  Shaw, 
Dear  Sir: 

The  investigations  in  the  cost  of  milk  production  were  continued  by 
Mr,  Riddell,  Mr,  Kurtz  and  Mr.  Howland  until  March  l8t,  1921,  when  this 
work  was  transferred  to  the  Department  of  Farm  Man^ement. 

The  studies  in  the  distribution  of  milk  in  cities  has  been  continued  and  a 
report  has  been  completed  giving  the  results  obtained  from  surveys  made 
by  Mr.  Stanley  J.  Brownell  in  the  cities  of  Lansing,  Kalamazoo  and  Flint, 

One  other  project  has  been  continued  by  Mr.  J.  E.  Burnett  which  baa  to 
do  with  a  trial  in  raising  calves  by  use  of  self  feeders.  The  results  are  very 
encoura^ng  and  the  project  will  be  enlarged  and  continued  durii^  the  coming 
year. 

Respectfully  subnutted, 

0.  E.  REED, 

Dairy  Husbandman. 
East  Lansing,  Michigan,  June  30, 1921. 


REPORT  OF  SECTION  OF  ENTOMOLOGY. 

Director  R.  S.  Shaw, 

East  Lansing,  Michigan, 
Dear  Sir: 

Following  is  a  brief  report  of  the  work  of  the  Section  of  Entomol<^y  for  the 
year  ending  June  30,  1921, 

The  present  year  has  witnessed  no  chai^  in  the  personnel  of  the  Section 
of  Entomology.,  During  the  latter  part  of  the  summer  of  1920,  the  writer  took 
advantage  of  a  leave  of  absence  to  visit  the  South  on  a  coUeCtmg  trip,  and 
during  the  period  of  three  months  absence  the  affairs  of  the  section  were 
ably  administered  by  Professor  E.  I.  McDaniel,  Research  Assistant  in  this 
section. 

The  animal  house  is  now  nearly  completed  and  is  in  constant  use  both 
for  the  housing  of  animals  under  observation  and  because  of  the  laboratory 
facilities  which  it  offers.  The  building  was  designed  and  is  used  whoOy  to 
facilitate  studies  in  the  biology  and  control  of  parasites  of  food  animals, 
and  in  this  field  considerable  progress  has  been  made. 

The  work  on  the  ox-bot  is  being  continued  this  summer  and  quite  a  bit  of 
evidence  has  been  <'olIcctc(l  and  will  be  checked  up  later  with  further  experi- 
ments. 

The  studies  in  intestinal  parasites  have  been  prosecuted  with  diligence 
and  many  facts  dealing  with  the  microscopic  organisms  producing  disease,  and 
also  with  the  control  of  thesis  organisms  have  been  established. 

Dr.  Chandler  is  at  present  carrying  on  some  interesting  tests  in  the  disin- 
fection of  poultry  yards  for  the  control  of  gapes  in  poultry,  and  for  intestinal 
parasites. 
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Grape-berry  moth. — For  Beveral  years  increasingly  insistant  complaints 
have  been  coming  in,  accusing  the  grape-berry  moth  of  causing  serious  losses, 
and  in  response  to  this  demand  a  special  effort  was  made  to  determine  some 
more  effective  method  of  control  or  at  least  to  time  the  customary  sprays, 
so  as  to  obtwn  the  highest  efficiency.  In  cooperation  with  County  Agent 
W.  C.  Eckard,  and  with  the  aid  of  Mr.  Hain  of  this  section  and  Mr.  T. 
A.  Farrand  of  the  Section  of  Horticulture,  a  good  deal  of  publicity  was 
given  the  matter  and  quite  a  measure  of  success  seems  to  have  resulted,  at 
least  so  far  as  the  first  generation  of  moths  goes. 

Grape  leaf-hopper. — Following  the  crusade  against  the  grape-berry  moth, 
in  the  same  part  of  the  State  there  appeared  a  wide-spread  and  serious  out- 
break of  leaf-hoppers,  Typhlocyba  tridnda,  and  at  the  present  moment  the 
grape  growers  are  just  finishing  with  their  spraying  in  an  attempt  to  gain 
controlover  this  pest.  The  proper  timing  of  this  spray  is  important  as  well, 
since  it  is  almost  useless  to  apply  the  spray  after  the  hoppers  attain  wings 
and  also  almost  impossible  to  kill  the  eggs,  so  that  the  time  for  optimum 
results  is  just  before  the  first  nymphs  attain  their  wings,  which  time  will  be 
before  all  the  eggs  have  hatched.  For  this  purpose  a  combination  of  Bordeaux 
and  black-leaf  forty  with  soap,  seems  to  be  most  effective. 

Pear  psylla. — Late  in  the  winter  it  became  apparent  that  the  pear  psylla 
which  had  for  several  seasons  been  getting  worse  and  worse  was  goii^  to  be 
more  troublesome  than  ever  before.  This  condition  had  arisen  because  of 
the  open  winter  during  which  the  psyltas  had  spread  all  over  the  farms,  in 
orchards  and  elsewhere.  It  was  apparent  that  no  spraying  operations  would 
be  effective  if  applied  against  the  adult  insects  since  they  were  scattered  so 
widely,  but  it  was  reasoned  that  the  eggs  would  all  be  laid  on  the  pear  trees 
themselves  and  that  an  egg  spray  would  be  especially  desirable  if  such  a  thing 
existed.  At  this  time  Mr.  Dutton  of  the  Department  of  Horticulture  brought 
in  a  supply  of  adult  psyllas  which  were  induced  to  lay  their  eggs  on  pear 
twigs  in  our  cages.  These  twigs  were  subsequently  treated  with  several  spray- 
ing materials  and  the  effects  noted  during  the  winter  time.  Finally  lime-sul- 
phur was  selected  as  being  the  most  promising  of  all  the  sprays  and  it  was 
reconmiended  that  lime-sulphur,  one  to  seven,  be  applied  just  as  the  blossom 
buds  separate  into  clusters  in  the  standard  varieties.  This  was  accordingly 
done  in  a  niunber  of  cases,  through  the  agency  of  Mr.  Dutton,  and  apparently 
with  good  results,  although  in  many  cases  Kiefer  buds  were  killed,  being  at 
that  time  too  far  along  for  a  spray  of  such  a  drastic  nature.  However,  the 
death  of  the  buds  in  this  one  variety  seems  to  be  less  of  an  evil  than  the 
almost  certain  loss  of  the  crop  and  possibly  of  the  trees  if  no  chances  were 
taken  and  no  spray  applied. 

Fruil  tree  Uaf -r oiler. —ka  insect  considered  as  a  serious  pest  in  the  West  and 
one  that  has  been  claiming  some  attention  in  Michigan  lately,  in  a  few  locali- 
ties, is  the  fruit  tree  leaf-roller,  Archips  argyrospila.  In  certain  orchards  near 
Muir  it  has  been  almost  impossible  to  protect  the  trees.  An  attempt  was 
made  this  year  to  kill  the  eggs  of  this  pest  by  a  spray  of  scalceide  put  on  early, 
just  before  hatching.  The  owner  was  advised  to  use  it  at  the  rate  of  one  part 
of  ecalecide  to  twelve  and  one-half  of  water.  The  spray  was  applied  at  the 
time  when  the  leaf  buds  burst  and  with  pretty  fair  success,  since  the  number 
of  living  worms  was  very  much  reduced  over  those  of  previous  j'ears.  In  this 
case  as  in  others,  egg-masses  were  collected  in  the  winter  and  treated  in  cages 
here  in  our  insectary,  with  the  various  washes  which  seemed  most  promising 
and  then  the  one  giving  best  results  was  selected  for  treatment. 
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San  Jose  scale. — Counts  were  made  for  the  Department  of  Horticulture  of 
living  scales  in  their  test  of  various  sprays  against  the  San  Jose  scale  carried 
on  at  Soutli  Haven.  This  involves  the  examination  of  the  insect  under  the 
scale,  and  the  determination  of  its  condition  in  samples  taken  before  the 
est  is  applied  and  likewise  the  examination  of  several  thousand  individuals 
after  the  tests  have  been  made  and  time  allowed  for  the  death  of  the  insect. 
A  process  demanding  much  time  and  very  close  observation  in  each  case. 

The  potato  leaf-hopper. — The  summer  of  1920  gave  us  an  opportunity  to 
gain  more  confidence  in  the  efficacy  of  Bordeaux  mixture  in  the  prevention  of 
hopper-bum  of  potatoes.  The  Bordeaux  acts  in  no  wise  as  a  killing  agent 
but  seems  to  be  the  best  repellent  we  have  tried  thus  far.  I  believe  that  Dr. 
G.  H.  Coons,  our  plant  pathologist,  agrees  with  us  in  taking  this  view.  Fur- 
thermore, the  addition  of  black  leaf  forty  seems  to  fortify  the  Bordeaux  and 
to  kill  outright  those  immature  hoppers  that  are  hit  by  the  spray  at  the  time 
of  application,  although  the  general  use  of  black-leaf  forty  in  a  crop  like  pota- 
toes still  remains  to  be  justified  by  a  proportionate  money  return. 

Grasshoppers. — In  the  northern  half  of  the  lower  peninsula  and  in  parts  of 
the  upper  peninsula,  continued  all  through  the  summer  of  1920  to  do  serious 
damage.  The  use  of  saw-dust  bait  seems  to  be  effective  and  to  furnish  the 
greatest  benefit  for  a  dollar  of  any  treatment  although  the  bait  needs  to  be 
prepared  according  to  formula.  The  substitution  of  coarse  crude  poison  or 
of  arsenate  of  lead  for  the  white  arsenic  is  bound  to  result  in  disappointment; 
likewise  it  is  easy  to  use  an  over  supply  of  salt,  which  results  in  failure  since 
the  grasshoppers  may  get  salt  enough  to  satisfy  their  cravings  without  getting 
sufficient  of  the  poison.  Last  year  much  difficulty  was  experienced  in  getting 
sufficient  poison  for  the  work,  owing  to  a  shortage  at  the  time  of  application 
and  many  regions  were  ill  supplied.  The  price  of  white  arsenic  also  was  high, 
unless  purchased  in  mid-winter.  However,  the  outlook  at  present  is  much 
brighter  since  blister-beetles  whose  larvie  feed  on  the  eggs  of  grasshoppers  are 
appearing  in  goodly  numbers  in  the  regions  that  have  suffered  the  longest 
and  the  Legislature  of  1921  has  generously  appropriated  the  sum  of  forty 
thousand  dollars  for  the  purpose  of  refunding  to  the  counties  and  townships 
half  of  the  sums  used  in  the  purchase  and  delivery  of  the  poisone<l  bait.  It 
remains  now  for  our  county  agents  and  extension  experts  to  educate  the 
farmers  in  the  use  of  the  bait. 

Codling  moi/i.— During  the  summer  of  1920  an  experiment  was  started 
looking  to  the  more  exact  timing  of  the  August  spray  for  the  second  generation 
of  codling-moth.  Cages  were  established  in  twelve  different  stations  in 
various  parts  of  the  State  and  wormy  apples  collected  early  in  the  season  were 
placed  therein.  The  time  of  the  emergence  of  the  adult  moths  from  these 
cages  was  noted,  both  at  East  Lansing  and  by  the  several  observers  in  whose 
charge  they  were  placed,  and  the  time  of  spraying  to  catch  the  main  body 
of  the  second  generation  thus  fixed.  Furthermore,  the  time  for  all  parts  of 
the  State  was  eoraputcd  so  far  as  in  our  power,  by  means  of  isophanes  or  linos 
connecting  equal  events  in  the  State. 

These  isophanes  were  corrected  so  far  as  our  knowledge  made  possible  for 
elevation  and  we  hope  in  time  to  correct  for  the  presence  of  large  bodies  of 
water  and  for  soil  conditions,  together  with  other  disturbing  factors.    How- 
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ever,  the  dates  obtained  last  summer  by  this  method  seemed  to  be  fairly  cor- 
rect and  the  attempt  is  being  repeated  along  the  same  lines  this  year.  The 
foUowinf;  deserve  the  gratitude  and  thanks  of  all  concerned  because  of  the 
work  and  care  made  neces-sary  by  their  voluntarily  acting  as  observers: 
Mr.  Stanley  Johnston,  South  Haven  Experiment  Station,  VanBurcn  County; 
Mr,  J.  O.  Hain,  Cassopolis,  Cass  County;  Miss  Addie  Sly,  Birmingham, 
Oakland  County;  Mr.  Minard  E.  Farley,  Albion,  Calhoun  County;  Mr.  L.  H. 
Kirkland,  Erie,  Monroe  County;  Mr.  W.  A.  Chapman,  Bangor,  Van  Buren 
County;  Dr.  Huston,  Traverse  City,  Grand  Traverse  County;  Mr.  Frank 
Smith,  Hart,  Oceana  County;  Dr.  F.  L.  Simanton,  St.  Joseph,  Berrien  County; 
Mr.  Don  Hootman,  Graham  Experiment  Station,  Grand  Rapids,  Kent 
County;  Mr.  Walter  Wightman,  Fennville,  Allegan  County;  Mr.  Edward 
Lyman,  Kibbie,  Van  Buren  County;  Entomology  {lepartment,  East  Lansing, 
Micliigan, 

Borer  repellant. — For  about  a  century  now,  fruit  growers  and  entomolo^sts 
have  been  in  search  of  something  that  will  repel  borers  and  protect  fruit  trees 
more  especially,  but  really  all  trees  as  well.  Thus  far,  results  have  been 
disappointing  but  the  object  to  be  finally  attained  warrants  the  expenditure 
of  much  effort  even  if  most  of  it  is  wasted.  During  the  season  of  1920  a  test 
was  made  of  a  new  mixture  with  a  hundred  or  so  trees,  and  during  that  time 
our  coating  seems  to  have  afforded  quite  a  measure  of  protection.  The 
present  season  seems  to  promise  equally  good  results  and  we  are  hoping  to 
at  least  produce  something  that  will  ])rotect  young  orchards  from  the  dreaded 
flatheaded  apple-tree  borer. 

Greenhouse  pes(«.— The  direct  control  of  greenhouse  pests  has  progressed 
somewhat  during  the  season.  Quite  a  bit  of  effort  has  been  expended  on 
Aleyrodes  and  on  some  of  the  scale  insects  with  a  measure  of  success. 

Household  insects. — The  work  on  these  posts  has  been  practically  at  a  stand 
still  during  the  present  season.  Not  for  lack  of  effort  but  because  measures 
from  which  we  had  hoped  much,  seem  to  be  inadequate.  I  refer  to  the  control 
of  clothes-moths  and  carpet-beetles. 

Mill  insects. — Heat  treatments  were  carried  on  wherever  opportunity 
offered  and  usually  with  gratifying  results. 

Canker  worms. — For  two  seasons  the  canker  worm  has  played  havoc  with 
our  apple  orchards  especially  in  the  eastern  part  of  the  Stat*-.  Many  of  the 
smaller  orchards,  whose  owners  are  not  primarily  intereste<l  in  apples,  are 
being  killed  out  owing  to  delay  in  spraying  or  failure  to  spray  at  all. 

An  enemy  of  blue  spruce,  Olethrenies  ahielana  has  recently  been  received 
from  Ludington,  Michigan,  where  the  small  caterpillars  arc  devouring  the 
leaves. 

It  is  difficult  to  control  owing  to  the  close  webbing  of  the  twigs  inside  of 
which  webbed  masses  the  caterpillars  feed.     The  difficulty  seems  to  l)e  that 
of  reaching  the  creatures  with  arsenate  of  lead  rather  than  anything  else, 
Resiiectrully  submitted, 

R,  H.  PETTIT, 

Entomologist. 
East  Lansing,  Michigan,  June  .'JO,  1021. 
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REPORT  OF  THE  FARM  MANAGEMENT  SECTION. 

Director  R.  S.  Shaw, 
Dear  Director  Shaw: 

During  the  year  the  Farm  Management  section  was   organized   and  it 
was  arranged  to  carry  on  certain  work  in  the  Experiment  Station. 

Mr.  F.  T.  Riddell,  who  haa  been  working  in  the  Dairy  department  on  the 
cost  of  milk  production  was  transferred  to  the  new  department.  Also  ap- 
propriations where  made  by  the  State  Board  of  Agriculture  to  support  five 
route  men.  These  route  men  visit  each  of  twenty-five  farmers  once  each 
month  and  weigh  feed  and  milk  and  assist  the  farmer  in  taking  an  inventory 
and  keeping  his  accounts.  From  this  data  accurate  material  on  farm  manage- 
ment is  being  secured.  Work  is  being  carried  out  on  one  hundred  farms. 
One  route  is  located  in  Lenawee  county  and  is  made  up  of  farmers  who  are 
engaged  in  the  feeding  of  steers  and  Iambs;  another  route  is  located  in  Wayne 
and  Lenawee  counties  and  is  made  up  of  farmers  who  are  selUng  whole  milk 
in  the  Detroit  market;  still  another  is  made  up  of  farmers  in  Jackson  and 
Shiawassee  counties  and  the  fourth  route  is  made  up  of  farmers  in  the  potato 
growing  section  of  the  State,  and  contains  only  farms  on  which  at  leait  five 
acres  of  potatoes  are  being  grown.  These  farms  are  about  equally  divided 
between  Montcalm,  Antrim  and  Emmet  counties, 
Very  truly  yours, 

H.  M.  ELIOT. 

Professor  of  Farm  Management. 
East  Lansing,  Mii-higan,  June  30,  1921. 


REPORT  OF  THE  FORESTRY  SECTION. 

R.  S.  Shaw,  Director, 
Dear  Director  Shaw : 

I  herewith  submit  a  brief  report  of  the  work  of  the  Section  of  Forestry  for 
the  year  ending  June  30,  1921. 

The  study  of  the  rate  of  growth  in  diameter,  height  and  volume  of  forest 
plantations  which  we  have  been  carrying  on  for  the  last  two  years  was  finished 
and  tlie  report  was  completed  during  the  year. 

The  experimental  work  on  sap  flow  in  the  College  sugar  bush  was  continued 
and  careful  reconis  were  kept  of  the  costs  and  of  the  amount  of  fuel  used  per 
gallon  of  syrup.  The  results  of  this  work  have  been  i)uI>IiHlHtl  from  time  to 
time  in  the  Experiment  Station  Quarterly. 

We  now  have  five  years'  data  on  the  experimental  bask«'t  willow  plantation 
at  Spring  Lake.  Last  year  the  profit  from  this  plantation  was  excellent  but 
tills  year  owing  to  the  stagnation  of  the  furniture  market,  they  were  unable 
to  sell  the  rods.  It  is  possible,  however,  that  the  rods  may  lie  stored  and  sold 
next  year.  The  plantation  has  shown  a  steady  increase  in  net  profit  since 
the  second  year  and  with  ordinarily  good  market  for  the  rods  it  should  prove  a  ■ 
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Last  summer  we  started  a  study  of  natural  reproduction  oF  hardwoods  on 
cut-over  lands  in  the  Borthem  part  of  the  State.  A  number  of  sample  plots 
were  established  on  burned-over  land  under  various  conditions  and  it  is 
hoped  to  continue  this  work  next  year,  at  the  same  time  remeasuring  the 
plots  that  were  put  in  last  siunmer. 

A  number  of  minor  projects  were  also  carried  on  during  the  year,  such  as 
studies  of  methods  of  i^eventing  the  damping  ofT  of  coniferous  seedlings  in 
the  first  year  seed  beds,  the  tolerance  of  hemlock  transplants  with' a  view  to 
their  use  for  underplanting  hardwood  stands,  and  studies  of  the  control  of 
the  form  of  trees.  The  work  has  progressed  very  satisfactorily. 
Respectfully  submitted, 

A.  K.  CHITTENDEN, 

Forester. 
East  Lansing,  Michigan,  June  30,  1921. 


REPORT  OF  THE  FARM  CROPS  SECTION. 

Director  R.  S.  Shaw, 

East  Lansing,  Michigan. 
Dear  Director  Shaw: 

The  placing  of  more  land  at  the  disposal  of  this  section  has  enabled  us  to 
undertake  many  new  projects  and  to  increase  the  size  of  fields,  planted  to  new 
and  improved  crops  varieties,  for  increase  purposes. 

The  varietal  testing  and  improvement  work  under  the  direction  of  Professor 
F.  A.  Spragg,  assisted  by  Mr.  E.  E.  Down,  ho-s  made  great  advancement.  In 
addition  to  the  great  range  of  crops  previously  handled,  improvement  work 
with  potatoes  and  wax  beans  has  been  undertaken. 

Professor  Spragg's  accompanying  letter  reports  the  progress  in  plant  breed- 
ing work  in  detail. 

The  comparative  test  of  short  season  hay  crops,  such  as  millets,  sudan  grass, 
soybeans,  sorghum,  etc.,  is  in  its  third  year  and  sufficient  data  will  be  available 
for  the  issuance  of  the  Experiment  Station  publication  after  the  coming  year's 
results  are  determined.  Professor  C  R.  Megcc  is  in  direct  charge  of  this 
experiment,  also  the  work  with  soybeans. 

In  cooperation  with  Dr.  R.  S.  Snyder  of  the  Bacteriology  department, 
Professor  Megee  carried  on  a  demonstration  of  effective  inoculation  of  soy- 
beans with  proper  culture.  At  this  time  the  half  of  the  field  of  one  and  one- 
half  acres,  which  was  inoculated,  carries  a  vigorous  growth  of  soys,  deep 
green  in  color.  The  other  half  of  the  field  is  of  a  light  yellow  color  and  shows 
much  less  vigorous  growth. 

The  tests  of  alfalfa  and  clover  varieties  were  greatly  enlarged  by  an  arrange- 
mentwithMr.  J.  W.  Nicolson  of  the  Farm  Bureau  Seed  department,  who  fur- 
nished samples  of  the  numerous  alfalfa  varieties  purchased  in  the  west  by  the 
seed  department  of  the  Farm  Bureau  for  distribution  in  Michigan. 

Dr.  A,  J.  Pieters,  in  charge  of  clover  investigations  of  the  V.  S.  D.  A.,  also 
furnished  us  with  numerous  samples  of  foreign  and  native  grown  alfalfas  and 
clovers. 

An  increa.se  of  five  and  onc-haif  acres  of  Hubam  clover  was  i)]aiitc(l  for  seed 
purposes,  and  an  extensive  experiment  begun  in  order  to  test  the  value  of 
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Hubam  for  forage,  green  manuring,  and  pasture  purposes.  A  thick  seeding 
lias  resulted  naturally  from  seed  which  shattered  from  the  Hubam  crop  har- 
vested in  the  fall  of  1921  for  seed.  Apparently  this  annual  sweet  clover  will 
prove  of  value  in  the  improvement  of  light  and  infertile  soil  and  as  a  pasture 
and  hay  crop. 

By  arrangement  with  Mr. Ralph  Hudson  of  the  Farm  and  Horse  department, 
large  fields  of  froratento  fifteen  acres,  were  planted  to  selected  Duncan,  Golden, 
Glow,  and  Duncan-Golden  Glow  cross  corn.  These  fields  were  all  well  isola- 
ted and  will  furnish  several  hundred  bushels  of  each  variety  of  highly  im- 
proved seed  for  distribution  from  the  College.  The  seed  used  in  planting  these 
fields  was  secured  by  careful  selection  from  small  increase  fields  planted 
from  the  best  strains  of  the  1919  ear  row  work. 

Mr.  J.  R.  Duncan  is  handling  the  ear-row  work  and  com  varietal  tests  in 
the  field.  Mr.  Duncan  is  also  associating  ^vith  Mr.  J.  G.  Wilher  of  the  United 
States  Department  of  Agriculture  on  popcorn  improvement  work. 

Over-state  varietal  tests,  which  are  being  planted  by  Mr.  Duane  Rainey, 
have  furnished  objectives  of  many  field  trips  planned  by  coimty  agents. 
Valuable  information  has  been  secured  regarding  the  comparative  yields  of 
varieties  and  adaptation  of  crops.  This  work  includes  the  following  tests 
well  distributed  over  the  State ;  wheat,  oats,  barley,  rye,  com,  soybeans, 
tUfalfa,  millets. 

The  members  of  the  Farm  Crops  section  api»eciate  the  aid  of  repre- 
sentatives of  tlie  following  Experiment  Station  lections  and  the  United 
States  Department  of  Agriculture,  county  agents  and  farmers  in  the  field: 

Mr.  Ralph  Hudson  of  the  Farm  and  Horse  department  has  greatly  facilitated 
our  work  by  interchanging  labor  and  by  aiding  us  when  work  in  the  field  was 
pressing.  Mr.  Hudson  lias  entered  upon  arrangements  which  have  made 
possible  the  increase  of  superior  varieties  in  a  large  way  on  the  Station  farm. 

Professor  H.  H.  Musselnmn  of  the  Farm  Mechanics  section  has  rendered 
us  great  service  by  joining  us  in  a  cooperative  arrangement,  which  provides 
ample  tractor  power  and  equipment  for  our  field  work,  threshing  operations, 
etc. 

Professor  0.  E.  Reed  of  the  Dairy  section  is  cooperating  in  determining 
the  value  of  sweet  clover  and  the  new  Hubam  by  pasturing  off  allotted  areas, 
and  feeding  hay  taken  at  different  periods  to  dairy  stock  under  test. 

Director  R.  J.  Baldwin  has  made  cooixrative  arrangements  which  have 
made  possible  the  planting  of  crop  experiments  at  widely  distributed  points 
over  the  State.  This  type  of  work  is  of  the  greatest  importance  in  deter- 
mining crop  adaptations. 

Dr.  E.  A.  Bessey  and  Dr.  G.  H.  Coons  of  the  Botany  section  are  fur- 
nishing careful  disease  inspection  of  bean  and  potato  varieties. 

Mr.  Robert  L.  Davis  of  the  United  States  Department  of  Agriculture,  De- 
partment of  Fiber  Investigations,  has  extended  his  testing  work  with  fiber 
flax  strains  and  planted  unusually  large  increases  of  superior  strains.  His 
work  occupies  approximately  five  acres  of  the  land  allotted  to  this  section. 

Mr.  J.  G.  Willier  of  the  U.  S.  D.  A.,  Office  of  Cereal  Investigations,  has 
contributed  many  varieties  for  our  popcorn  varietal  tests  and  is  cooperating 
in  popcorn  improvement  work. 

Mr.  Wilbur  Brotherton  of  the  V-.  S.  D.  A.,  Bureau  of  Plant  Industry,  has 
planted  extensive  varietal  tests  of  beans  from  native  and  foreign  sources. 

Dr.  A.  J.  Pieters  of  the  U.  S.  D.  A.,  in  charge  of  clover  investigations,  has 
furnished  us  valuable  help  in  providing  foreign  grown  clover  and  alfalfa  seed  ^ 
for  our  tests. 
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Mr.  H.  N.  Vinall  of  the  U.  S.  D.  A.  is  actively  cooperating  in  the  work 
with  field  peas  and  has  furnished  many  varieties  for  planting  at  this  Sta'tion 
and  at  the  Chatham  sub-station. 

I  particularly  desire  to  express  the  great  appreciation  felt  by  all  members 
of  this  section  for  the  support  and  guidance  extended  to  us  by  the  Director, 
the  President  and  the  State  Board  of  Agriculture. 
Yours  very  truly, 

J.  F.  COX, 

Professor  of  Farm  Crops, 

Professor  J,  F,  Cox,  Michigan  Agricultural  College, 

East  Lansing,  Michigan. 
Dear  Sir: 

The  following  is  a  brief  report  of  the  plant  breeding  work  for  the  j'ear  ending 
June  30th,  1921.  To  save  space,  a  list  of  the  plant  breeding  projects  for  the 
year  are  checked  off  in  a  table.  It  has  seemed  best  to  include  brief  outlines 
of  past  results  and  future  plans.  The  results  of  one  year,  when  isolated  from 
the  results  of  other  years  and  from  future  possibilities,  mean  little  to  anyone. 

PLANT  BREEDING  PROJECTS  1921. 
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The  principal  part  of  the  alfalfa  work  is  a  nursery  containing  10,400  indi- 
vidual plants,  with  which  individual  hay  and  seed  records  are  bring  kept  on 
each  individual  plant.  This  work  has  been  running  since  1!X)6,  and  has 
resulted  in  the  entire  elimination  of  the  old  fashioned  type,  having  a  single 
tap  root  and  a  crown  that  branches  above  the  surface  of  the  ground,    This 
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latter  type  has  not  been  selected  against  as  such,  but  has  proven  to  be  imbardy 
as  well  as  having  poor  producing  plants.  The  highest  yielders  of  hay  and 
seed  from  the  best  producing  progenies  have  become  the  mothers  of  the  next 
generation.  Those  that  have  survived  the  test,  being  hardy  and  productive, 
are  all  low  crowned  plants,  branching  below  the  surface  of  the  groimd.  They 
also  have  a  branching  root  system. 

Visitors  often  ask,  "What  variety  of  alfalfa  does  the  test  show  to  be  best?" 
This  is  a  hard  question,  because  the  nursery  shows  as  much  difference  among 
the  various  strains  within  a  variety  as  it  does  among  varieties.  One  strain  of 
Grimm,  for  instance,  may  easily  yield  twice  as  much  as  another  strain  of 
Grimm.  It  may  grow  twice  as  tall,  and  be  very  much  more  resistant  to  leaf 
spot,  a  disease  that  turns  the  crop  yellow.  The  fact  is  that  all  of  the  hardy 
productive  types  have  originated  in  crosses  between  yellow  flowered  Siberian 
alfalfa  and  purple  flowered  southern  types. 

As  seed  has  been  distributed  from  this  alfalfa  breeding  work,  the  problem 
now  is  to  develop  a  Michigan  seed  industry.  A  start  is  being  made  in  that 
direction,  with  Hardigan  alfalfa. 

As  the  results  with  spring  barley  have  never  been  satisfactorily  reported, 
and  as  a  new  barley  varietal  series  has  just  completed  a  three  year  period,  it 
seems  proper  to  give  this  work  a  little  more  than  a  passing  notice.  The 
historical  portion  of  Circular  No.  32  (printed  in  1916)  outhnes  the  first  ten  years 
of  work  with  spring  barley,  and  summarizes  them  with  the  statement  that 
"the  best  spring  barley  that  this  investigation  has  been  able  to  find  is  produc- 
ing less  feed  (pounds  of  grain)  per  acre  than  the  high  grade  varieties  of  oats". 
This  is  compared  with  the  Alexander,  Worthy,  College  Success  and  College 
Wonder  oats,  that  had  then  been  introduced  as  new  commercial  varieties  from 
the  breeding  work  of  the  Michigan  Agricultural  College. 

Be  this  as  it  may,  there  is  a  demand  for  barley  for  certain  feeding  operations, 
where  oats  arc  considered  unsatisfactory.  Thus,  in  1918  these  inv^igations 
introduced  two  new  varieties  of  barley.  These  are  the  Mich-two-row  (No. 
02708)  and  Micliigan  Black  Barblesa  (No.  31604).  They  originated  in  indi- 
vidually selected  plants  of  1910  and  1913  respectively,  and  have  proven  to  be 
successful  commercial  varieties. 

The  earher  varietal  testing  work  (up  to  and  including  1916),  located  a 
niunber  of  promising  varieties  that  needed  purification.  These  were  placed 
in  selection  plats  in  1917,  where  the  individual  seeds  were  planted  five  inches 
apart  each  way.  The  selected  plants  became  mothers  of  plant-rows  in  1918. 
This  series  included  forty-eight  new  strains  and  the  checks  [a  standard 
variety  planted  every  fourth  row)  making  the  series  sixty-five  plant-rows. 
Those  that  compared  favorably  with  the  checks  were  retained  and  entered 
the  varietal  series  April  5,  1919.  Fortunately  this  was  gottenln  early,  as 
protracted  rains  prevented  the  planting  of  any  more  grains  until  May  first, 
resulting  in  failure  for  the  late  planted  series.  The  results  of  this  series 
during  the  years  1919  and  1921  follows: — 
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BARLEY  VARIETAL  SERIES 
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Two  of  these  strains  have  become  commercial  since  1918.  The  results 
show  that  the  check  (Michigan-two-row)  has  found  only  one  worthy  competi- 
tor and  this  is  a  strain  picked  out  of  a  variety  (Crawford)  that  varied  consid- 
erably in  yielding  power.  On  the  other  hand  the  Michigan  Black  Barbless 
has  not  proven  to  be  a  good  yielder  in  these  tests,  but  farmers  like  it  because 
it  is  smooth  awned.  The  Crawford  has  two  strains  with  awns  that  are  not 
sharply  barbed,  beii^  considered  simply  rough  awned.  These  are  No.  72213 
and  No.  72209.  All  other  strains  in  this  test  have  barbed  awns.  It  is  noted 
that  more  than  half  of  the  above  varieties  and  all  of  the  highest  yielders  are 
two-rowed  barleys. 

The  future  interest  in  barley  breeding  seems  to  center  around  a  cross  be- 
tween the  Michigan-two-row  and  Michigan  Black  Barbless.  This  cross  was 
made  in  1916,  and  since  that  time  has  been  running  in  the  progeny  selection 
plats.  The  result  is  that  a  number  of  white  smooth  awned  types  have  been 
obtained.  Some  of  them  are  two-rowed  and  some  of  them  six-rowed.  As 
soon  as  they  can  be  increased  they  will  be  placed  in  varietal  series.  If  a  good 
yielder  can  be  found  among  them  it  will  be  increased.  Such  a  barley  will 
easily  take  preference  above  all  barbed  barleys. 

A  bean  bulletin  is  at  the  printer's  and  will  be  in  the  hands  of  growers  before 
this  report  is  printed.  It  reviews  the  bean  breeding  work  to  date.  The 
results  show  that  the  old  strains  of  Robust  now  in  the  hands  of  growers  have, 
as  a  rule,  been  so  badly  mixed  that  many  of  them  are  no  more  productive 
than  the  common  VEirieties. 

A  new  strain  of  Robust  (No,  40520)  will  be  introduced  under  the  name  of 
the  Improved  Michigan  Robust  in  1922.  It  is  now  being  increased  for  that 
purpose.  The  results  nhow  that  it  yields  one  and  a  half  times  as  many  beans 
as  the  Early  Wonder,  on  an  average  of  three  years'  tests  at  the  Michigan  Agri- 
cultural College. 

The  future  of  the  bean  breeding  work  seems  to  center  around  varieties  that 

are  resistant  to  anthracnose  and  blight.    The  former  type  of  resistance  is 

coming  from  a  cross  made  in  1916,  and  the  Improved  Michigan  Robust  is 

considerably  resistant  to  bUght,  enabling  it  to  retain  a  much  larger  portion 

25 
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of  its  leaves  than  other  varieties.  No  doubt  selection  work  within  this  new 
variety  will  gain  still  greater  resbtance.  A  great  aid  to  selection  would  come 
if  the  plat  to  be  selected  can  be  sprayed  with  the  bhght  organism  at  frequent 
intervals.  The  plants  that  survive  such  an  epidemic  could  be  increased  and 
subjected  to  the  same  treatment  again.  By  this  means  the  indications  are 
that  great  resistance  may  be  hoped  for.    This  work  is  under  way. 

The  clover  work  indicat«s  that  the  ordinary  red  or  June  clover  has  little  to 
recommend  it  in  a  breeding  way  and  probably  will  be  replaced  in  time  by  other 
types.  Alfalfa  has  crowded  out  red  clover  in  the  west,  whereas  twenty  years 
ago  it  was  in  the  experimental  stage,  just  as  it  is  now  in  Michigan. 

The  work  with  Hubam  clover  enabled  the  Michigan  station  to  distribute 
42  bushels  of  seed  during  the  past  winter  and  spring.  Most  of  this  is  being 
grown  for  seed. 

There  is  a  type  of  Hubam  that  survives  the  winter.  It  is  not  the  ordinary 
biennialj  as  it  ripens  its  seed  almost  all  at  once.  Some  of  these  plants  were 
transplanted  from  the  general  field  this  spring.  That  field  was  known  not 
to  have  any  biennial  sweet  clover.  It  is  therefore  known  that  the  mother  and 
grandmother  of  these  plants  produced  seed  in  their  first  year,  and  it  is  thought 
that  these  plants  did.  If  a  type  of  sweet  clover  can  be  developed  that  will 
produce  seed  and  survive,  that  is  more  than  the  old  fashioned  biennial  ever 
did.  Seed  will  be  saved  from  these  plants  individually  and  a  nursery  set  out 
in  1922  to  determine  these  points  and  produce  such  strains  if  possible. 

There  is  a  demand  for  breeding  work  with  crimson  clover.  Two  types  of 
work  have  been  suggested.  One  is  to  develop  a  summer  annual  and  the  other 
a  hardy  winter  annual.     A  beginning  has  been  made  with  this  work  in  1921. 

The  com  work  is  continuing  much  as  has  been  reported.  It  is  evident  that 
progress  in  ear-row  breeding  work  requires  that  the  ears  (going  into  the  test) 
be  selfed.  Then  it  is  easy  to  fix  types.  Those  showing  a  recessive  character 
will  breed  true  in  the  future,  and  among  those  that  show  dominant  char- 
acters the  ear-row  test  will  enable  the  breeder  to  locate  the  homozygote. 
Remnants  are  always  saved  and  returned  to  for  increases.  Wherever  possible 
strains  that  breed  true  to  definite  characters  are  crossed  by  inter-rowing  and 
detasseling.  The  purpose  is  to  return  any  vigor  that  may  have  been  lost 
through  selfing.  Then  if  the  cross  can  be  increased  and  selected  one  year, 
before  selfing  is  again  undertaken,  recombinations  of  characters  enables  the 
breeder  to  obtain  more  nearly  what  he  desires  for  ear-row  work  again. 

The  hemp  breeding  work  is  continuing  through  the  cross  made  in  1920, 
between  two  strains  of  hemp  that  had  been  separately  selected  for  three 
years.  One  of  these  was  very  early  but  not  a  good  type.  The  other  was  a 
good  tjTie  but  very  late.  The  selections  are  being  tnade  so  as  to  include 
quahty  and  earliness. 

The  oat  work  has  produced  five  new  high  producing  varieties.  During  the 
past  three  years,  the  oat  varietal  series  has  been  discontinued,  to  allow  space 
for  the  barley  varietal  series.  During  the  interval  a  new  set  of  individual 
plant  selections  have  been  increased  and  placed  in  a  new  yield  series  in  1921. 
The  space  available  for  the  testing  of  spring  grains  will  not  allow  a  large 
varietal  series  of  both  barley  and  oats  at  the  same  time,  but  in  addition  to  a 
yield  series  with  one  of  these  grains  the  selection  plats  can  be  maintained  for 
both  types  of  grain. 

Potato  breeding  is  being  taken  up  by  the  Farm  Crop  section  at  Michigan 
Agricultural  College  for  the  first  time.  It  has  been  under  way  at  the  Upper 
Peninsula  Station  during  the  past  two  years.  The  first  work  is  disease  free- 
ing.   Tb$  inspection  forces  of  Minnesota,  Wisconsin,  Michigan  and  New 
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York,  have  very  kindly  cooperated  in  the  finding  of  the  best  growers  of  the 
most  promising  varieties.  Approximately  sixty  selected  half-pound  tubers 
were  obtained  from  seventy-six  sources  and  small  quantities  came  from 
twenty  other  sources.  These  lots  were  reselected  at  East  Lansing  to  obtain 
the  best  for  planting.  After  treating  and  drying,  each  potato  was  cut  into 
four  pieces  at  planting  time.  These  four  pieces  were  planted  in  adjacent 
hills,  called  tuber-units. 

The  potato  improvement  work  at  Chatham  and  East  Lansing  is  cooperative 
with  the  members  of  the  Department  of  Botany,  who  take  care  of  the  dis- 
ease phases  of  the  work.  They  treat  the  tubers  before  planting,  pull  out  all 
the  tuber-units  that  develop  constitutional  diseases,  and  attend  to  the'spray- 
ing.  The  year  of  1921  is  considered  a  quarantine  year,  during  which  time 
all  disease  types  are  to  be  rogued  out.  Tuber-units  will  be  selected  at  har- 
vest, to  continue  in  plant  rows  for  1922.  The  checks  in  that  series  will  be 
a  tuber  line  selected  and  increased  at  Chatham. 

During  the  following  three  years,  the  plans  are  to  pool  the  selected  strains 
from  the  two  Stations  and  grow  duplicate  varietal  series  at  the  two  Stations. 
Then  the  best  ones  will  be  ready  for  increase  and  distribution. 

During  this  time  the  plan  is  to  make  crosses  between  promising  strains 
and  compare  the  new  seedling  lines  for  disease  resistance  and  good  production 
of  potatoes  with  desirable  quality. 

The  new  rye  bulletin,  that  is  now  at  the  printer's,  gives  a  good  outline  ot 
results  with  Rosen  rye.  A  varietal  series  will  be  planted  in  the  fall  of  1921. 
This  series  will  include  the  most  highly  recommended  varieties  throughout 
the  country ,  together  with  the  strains  of  Rosen  rye  in  the  hands  of  the  Michigan 
Crop  Improvement  Association.  Also  it  is  planned  to  plant  a  series  of 
spring  ryes  in  the  spring  of  1922. 

Rod-row  series  will  include  samples  from  all  the  growers  receiving  in^>ec- 
tion  in  1921,  in  addition  to  about  a  hundred  lots  coming  from  individually 
selfed  heads  and  plants  collected  in  1919  and  1920.  These  lots  were  caged 
in  a  wheat  series  in  1921.  The  purpose  is  to  plant  a  portion  of  the  seed 
and  save  a  remnant.  The  results  will  indicate  the  more  desirable  remnants 
to  be  used  in  future  rye  breeding  work. 

The  work  with  sugar  beets  is  considerably  increased  in  1921.  The  most 
highly  recommended  lots  of  seed  in  this  country  and  Europe  have  been 
obtained  to  place  in  a  varietal  series.  The  selfed  seed  of  1920  entered  progeny 
rows  in    1921   and  other  beets  are  isolated  for  selfing  purposes. 

The  other  lines  of  work  are  indicated  in  the  table  and  most  of  them  are 
continuing  much  as  usual.  The  wheat  work  is  becoming  so  extensive  as  to 
over-crowd  the  space  allotted  to  it.  The  new  varietal  series,  started  in  the 
fall  of  1919,  was  so  badly  drowned  in  the  spring  of  1920  as  to  make  the  results 
undesirable.  A  good  set  of  results  are  obtained  in  1921 ,  but  this  series  should 
run  two  more  years  to  give  desirable  averages.  Meanwhile  new  lots  coming 
up  through  the  smaller  series  and  plant-rows  demand  space.  Some  new 
wheats  will  be  increased  during  the  next  year. 

Respectfully  submitted, 
F,  A.  SPRAGG, 

Plant  Breeder. 
East  Lansing,  Michigan,  June  30,  1921, 
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REPORT  OF  THE  FARM  MECHANICS  SECTION. 
Director  R.  S.  Shaw, 
Dear  Sir: 

Following  is  a  report  of  the  experimental  and  investigational  work  of  the 
Farm  Mechanics  section  for  the  year  1920-21. 

The  nature  of  the  over-state  investigational  work  which  is  a  part  of  the  pro- 
gram of  this  section,  has  been  found  difficult  to  carry  out.  The  men  who  are 
on  part  time  on  the  Experiment  Station  pay-rolls  find  their  time  limited  for 
field  work.  While  this  is  true  on  account  of  teaching  schedule,  I  feel  that 
greater  practical  returns  can  be  had  from  this  line  of  effort  than  from  many 
laboratory  experiments  which  we  might  make. 

DRAINAGE  AND  PEVELOPUENT  WORE. 

In  experimental  work  in  drainage  there  is  splendid  opportunity  to  make  a 
study  of  performance  of  drains  on  the  systems  installed  under  the  supervision 
of  the  extension  specialist  in  drainage  in  St.  Clair  county.  A  contract  is 
practically  closed  with  the  Department  of  Rural  Engineering,  United  States 
Department  of  Agriculture,  whereby  cooperative  studies  will  be  made  in 
drainage.  Some  experimental  work  in  the  Upper  Peninsula  should  also  be' 
done  on  the  performance  of  tile  drains  in  their  particular  soils  and  climate. 

In  view  of  the  work  on, land  clearing  which  is  being  started  in  the  Upper 
Peninsula,  some  figures  should  be  kept  on  the  essential  features  and  cost  of 
land  clearing.  It  is  not  felt  that  an  exhaustive  study  of  costs  would  be 
profitable  because  of  the  widely  varying  factors  entering  into  individual 
problems. 

FARM  BUILDINGS  AND  CONVENIENCES. 

A  study  of  potato  warehouses  for  cooperative  associations  has  been  made 
and  plans  and  specifications  drawn.  Many  new  building  plans  have  been 
developed  although  the  work  has  been  delayed  through  lack  of  a  draftsman. 
An  exhaustive  bulletin  on  farm  bams  is  nearing  completion.  As  indicated 
by  correspondence  the  interest  in  the  septic  tank  for  farm  use  is  increasing, 
and  plans  have  recently  been  developed  for  a  septic  tank  suitable  for  summer 
camps,  resorts  and  county  fairs.  In  cooperation  with  the  Farm  Management 
department  surveys  will  be  made  the  coming  year  on  approximately  100  farms 
of  the  farm  house,  farm  kitchen,  and  farm  conveniences. 

TRACTORS  AND  POWER  MACHINERY. 

Investigational  work  has  been  in  progress  during  the  past  year  with  a 
view  to  determining  the  cost  of  the  various  farm  tractor  operations.  For 
cooperation  in  this  work  we  are  largely  indebted  to  Professor  Eliot  and  Mr. 
Riddell.  Plans  are  now  under  way  for  the  testing  of  oil  engines,  particularly 
those  en^nes  using  the  heavier  fuels  such  as  kerosene,  distillate  and  fuel  oils. 
In  farm  machinery,  emphasis  has  been  placed  on  trying  out  the  new  ma- 
chines and  new  features  on  machines  coming  on  the  market. 
Yours  respectfully, 

H.  H.  MUSSELMAN, 


East  Lansing,  Michigan,  June  30,  1921. 
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REPORT  OF  THE  HORTICULTURAL  SECTION. 

To  Director  R.  S.  Shaw, 

East  Lansing,  Michigan. 
Dear  Sir : 

The  past  year  was  characterized  by  quite  an  expansion  in  the  experimental 
work  in  horticulture  which  has  been  facilitated  by  the  services  of  Dr.  N.  L. 
Partridge  who  joined  the  department,  September  1,  1921,  and  by  Mr.  R.  E. 
Marshall  who  began  his  services,  September  15,  1921,  and  who  is  giving  part 
time  to  experimental  work;  also  by  the  greater  facilities  afforded  l*"  the  acqui- 
sition of  the  Graham  Horticultural  Experiment  Station  property. 

The  fundamental  problem  in  Michigan  horticulture  today  is  that  of  in- 
creasing the  production  and  quality  of  our  bearing  orchards  and  vineyards. 
It  is  rather  a  problem  of  increasing  the  production  of  the  present  acreage  than 
of  promoting  increased  plantings.  With  this  idea  in  mind  this  department  is 
concerned  largely  in  experimental  work  that  will  lead  to  the  production  of 
larger  and  better  crops  of  fruit  from  present  plantii^.  Spraying,  pnming, 
fertilizing  and  plant  selection  are  lines  of  particular  importance  from  this 
standpoint. 

During  the  past  year  the  College  has  rented  on  a  five  year  contract,  five  acres 
of  a  vineyard  on  the  farm  of  Mr.  Carl  Buskirk,  Paw  Paw,  Midiigan,  for 
experimental  work  in  fertilizing  and  pruning  grapes.  This  project  was 
requested  by  the  Horticultural  Experimental  Committee  of  the  State  Horti- 
cultural Society,  there  being  a  pressing  demand  at  the  present  time  for  infor- 
mation on  the  proper  fertilization  of  grapes  and  the  most  ideal  system  of 
pnming  in  relation  to  fertilization.  Much  of  the  time  of  Dr.  Partridge  has 
been  spent,  since  the  beginning  of  the  growing  season  this  spring,  making 
general  studies  of  these  projects,  a  detailed  outline  of  which  together  with 
the  other  experimental  projects  of  thiS  section  have  already  been  pre- 
sented to  you. 

The  section  has  been  very  largely  interested  in  experimental  projects 
in  relation  to  the  fertilization  of  bearing  orchards.  Some  forty  or  fifty  ferti- 
lizer tests  were  carried  on  in  cooperation  with  the  extension  force  in  Michigan 
orchards  the  past  year.  The  outstanding  fact  in  relation  to  these  results 
was  the  beneficial  effects  of  quickly  available  nitrogenous  fertihzers  applied 
early  in  the  growing  season  to  nearly  all  of  the  orchards  where  efficient  culti- 
vation was  practiced.  In  the  orchards  where  trees  were  in  sod  practically  no 
results  were  obtained  from  the  use  of  fertilizers.  It  is  the  opinion  of  the  writer 
that  this  was  due  to  the  dry  weather  which  characterized  the  growing  season. 
There  was,  therefore,  an  insufficient  supply  of  soil  moisture  in  imcultivated 
orchards  to  make  this  fertilizer  available  to  the  trees.  We  believe  that  by 
these  tests  throughout  the  fruit  sections  we  are  demonstrating  the  general 
need  of  fertilizing  fruit  crops  to  increase  production  and  also  the  necessity 
of  orchard  cultivation  or  mulching  to  insure  a  bountiful  supply  of  soil  mois- 
ture. 

As  a  result  of  these  tests  the  past  two  years,  our  growers  are  using  far  more 
fertilizer  than  ever  before  and  we  expect  to  see  this  practice  greatly  increased 
in  the  near  future.    These  fertilizer  tests  are  made  not  simply  to  induce  fruit 
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growers  to  use  commercial  fertilizers,  but  to  direct  them  as  to  the  kinds  of 
•  fertilizers  that  will  give  the  best  results  and  the  amounts  tliat  should  be  used. 

As  in  the  past  the  work  of  Mr.  W.  C.  Dutton  has  been  largely  along  the 
lines  of  spraying  and  dusting.  Laboratory  studies  were  made  during  the 
winter  months  on  the  various  brands  of  spray  materials  offered  on  the  market, 
together  with  their  physical  characteristics.  Studies  were  made  on  the  use 
and  value  of  spreaders  in  sprays,  and  field  testa  of  spreaders  are  being  made  the 
present  season.  A  brief  summary  of  the  results  of  the  work  along  spraying 
lines  for  the  season  of  1920  follows: 

Dusiing  and  spraying  apples. — Sulphur  dust  gave  as  good  control  of  apple 
scab  and  codlii^  moth  as  standard  liquid  sprays.  Variety:  Grimes  golden, 
location:  South  Haven. 

Dusting  grid  spraying  pews. — Two  orchards  of  Bartlett:  location,  South 
Haven.  The  average  results  in  two  orchards  were  about  equal  for  scab  con- 
trol. Physical  condition  of  dusted  foilage  much  superior  to  that  sprayed  with 
lime-sulphur  1  to  40  or  1  to  50.  An  extra  application  (pre-pink)  was  of  value 
in  controlling  scab.  This  apphcation  probably  is  very  desirable  where  scab 
is  prevalent. 

Copper  sulpkaie  dusts. — (Sanders  dust)  did  not  give  satisfactory  control  of 
Bcab  on  either  apples  or  pears.    Location :  South  Haven, 

Peach  dtisting  and  spraying. — Dusting  for  leaf  cur!  with  soluble  sulphur 
and  Bordeaux  dusts  did  not  ^ve  satbfactory  results.  Results  consistent 
with  those  of  1919. 

Summer  dustir^  of  peaches  devoid  of  definite  results  because  ©f  absence 
of  injury  on  checks.  90-10  and  80-10-10  sulphur-lead  dusts  were  entirely 
safe  on  peach  foliage.  Copper  sulphate  dust  was  also  safe.  Location; 
Saugatuck. 

Plum  dusting  and  spraying, — Emphasis  on  rot  control.  Lombard  variety; 
checks  very  bad;  fruit  nearly  total  loss  on  some  trees.  Dusted  and  sprayed 
apparently  equal  at  harvest  with  very  little  rot  on  either.  Sprayed  trees 
received  last  apphcation  of  lime-sulphur  (1-40)  about  one  month  before  har- 
vest. Sulphur  dust  (straight  sulphur)  applied  then,  also  one  week  before 
harvest.  Holding  qualily  of  dusted  fruit  decidedly  best.  Location:  South 
Haven. 

Dry  lime  sulphur  on  duchess  apples. — Results  were  consistent  with  those  of 
previous  year.  Dry  lime  sulphur  regardless  of  strength  used  did  not  give 
results  equal  to  lime-sulphur  solution  (I  to  40)  although  no  definite  plots 
were  arranged  on  this  point,  the  results  indicate  very  strongly  that  a  pre- 
pink  application  is  desirable  to  prevent  an  early  infection  of  scab  which  fre- 
quently occurs  on  duchess.    Location:  South  Haven  and  Grand  Rapids. 

Cherry  dusting  and  spraying. — Location:  Traverse  City;  varieties:  English 
Morello  and  Montmorency.  Lime-sulphur,  1  to  40,  Bordeaux  4-4-50,  sul- 
phur dust  and  copper  sulphate.  Injury  on  Montmorency  checks  not  severe 
but  control  with  all  materials  was  satisfactory.  There  were  some  slight 
differences.  On  Morello,  checks  practically  defoliated.  Very  little  leaf 
spot  on  Bordeaux,  a  httle  on  lime^ulphur  plot,  more  on  sulphur  dust  plot 
and  still  more  on  copper  sulphate  dust  plot. 

Considerable  injury  on  foliage  of  both  varieties  developed  from  the  use  of 
Bordeaux.  The  results  indicated  that  lime-sulphur  should  be  used  at  the 
rate  of  one  and  one-half  gallons  to  50  to  give  best  control.  -.  . 
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Grape  and  potaio  dusting. — Copper  sulphate  dust  used  on  them  but  no 
definite  results  obtained  because  of  lack  of  any  injury  on  checks  controllable 
by  materials  used.  Grape  foliage  dusted  was  in  much  better  condition  than 
where  sprayed.  The  sprayed  foliage  showed  considerable  spray  injury  which 
probably  developed  in  connection  with  the  leaf  hopper  injury. 

The  experimental  work  of  R.  E.  Marshall  is  along  the  lines  of  plum  and 
apple  pollination  studiesj  fertihzer  experiments  with  small  fruits  and  pruning 
experiments  with  tree  fruits.  This  work  has  just  been  started  the  present 
season  so  that  there  is  nothing  in  this  line  to  report  upon  at  the  present  time. 

Excessive  demand  for  grape  plants  the  past  two  seasons  has  lead  to  a 
demand  for  investigations  of  the  best  methods  of  propagating  grapes  from 
hardwood  cuttings.  During  the  past  winter  Mr.  Stanley  Johnston  did 
considerable  work  along  this  Hne  testing  out  different  methods  of  storing  and 
handling  grape  cuttings  to  induce  efficient  callousing.  A  detailed  report  of 
this  will  be  made  before  next  spring  to  prevent  the  severe  losses  that  have 
been  experienced  the  past  season  by  the  growers  in  trying  to  root  these  cut- 
tings. 

Tests  were  made  under  the  direction  of  Mr.  H.  C,  Moore  of  different  varie- 
ties and  strains  of  cannii^  peas,  especially  in  reference  to  their  resistance  to 
root  rot  and  production. 

In  cooperation  with  Mr,  C.  W.  Waid  of  the  Extension  division,  variety 
tests  and  tests  of  selected  strains  of  potatoes  were  conducted  as  in  previous 
years;  also  a  number  of  fertilizer  tests  with  different  forms  of  fertifizers  and 
with  different  distances  of  planting,  but  due  to  the  exceedingly  dry  weather 
the  results  of  these  tests  in  several  parts  of  the  State  were  not  conclusive. 

The  work  on  bud  selection  and  performance  record  work  with  Baldwin 
apples  as  previously  reported  was  continued  and  the  work  will  probably  be 
concluded  this  year.  The  bud  selection  work  in  the  duchess  orchard  on  the 
Wilson  farm  at  Benton  Harbor,  Michigan,  was  concluded  at  the  end  of  the 
season.  With  these  records  at  hand  a  study  was  made  in  the  orchard  as  to 
the  condition  of  the  trees  to  see  if  the  differences  in  the  productional  records 
of  these  trees  could  be  Scribed  to  any  condition  of  the  environment  or  to  any 
physiological  condition  of  the  tree  itself.  A  careful  study  of  the  trees  in 
this  manner  showed  that  in  each  case  the  differences  in  production  could  be 
Eiscribed  to  poor  drainage,  root  gall,  girdling  or  to  some  physiological  condi- 
tion influencing  production  rather  than  to  an  inherent  character  of  the  tree. 

During  the  fall  Mr.  Dutton  made  studies  of  grape  vines  endeavoring  to 
obtain  vines  producing  a  larger  and  better  fruit  and  being  expecially  produc- 
tive and  vigorous.  Such  vines  as  seemed  promising  were  staked  in  various 
vineyards  in  Van  Buren  county  arid  records  will  be  taken  upon  them  the  com- 
ing fall. 

Respectfully  submitted, 

C.  P.  HALUGAN, 

Horticulturist. 
East  Lansing,  Michigan,  June  30,  1921, 

HBPOET  OF  THE  QRAHAM  HORTICULTUHAL  EXPERIMENT  STATION, 

To  Director  R.  S.  Shaw: 
Dear  Sir: 

It  is  a  pleasure  to  report  the  development  that  has  taken  place  on  the 
Graham  Horticultural  Station  grounds  during  the  past  year.  Since  the  last 
report  the  old  farm  house  that  was  on  the  property  when  purchased  has  been 
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cut  into  two  parts,  each  being  moved  to  the  rear  and  reconstructed  into  a 
farm  cottage.  We  now  have  two  farm  cottages  in  excellent  condition  and 
practically  finislied  except  for  the  water  and  plumbing  fixtures  which  are  now 
being  installed. 

Much  work  has  also  been  done  in  developing  the  landscape  feature  of  the 
grounds.  The  wagon  shed,  comcrib  and  other  secondary  farm  buildings 
have  been  moved  making  a  more  ideal  and  convenient  arrangement.  Much 
work  has  been  done  in  subduing  the  farm  and  developing  it  into  a  sightly 
State  experimental  property. 

Since  the  last  report  we  are  happy  to  state  that  the  State  Board  of  Agricul- 
ture has  purchased  an  adjoining  fifty  acres  of  land  making  the  Station  now 
one  hundred  acres  in  extent.  The  original  fifty  acres  of  this  property  includ- 
ing the  bam  and  cottages  is  now  pretty  well  planted  except  that  portion  near 
the  rear  boundary  which  is  low  ground  and  has  not  been  cleared  and  developed. 
All  of  the  acreage  adapted  for  fruit  planting  on  this  division  has  been  set  to 
trees  and  is  now  devoted  to  the  following  experimental  projects: 

Project  1 :  Young  duchess  apple  orchard  to  test  the  relative  value  of  alfalfa 
sod  mulch,  grass  sod  mulch  and  cultivation  with  cover  crops,  in  growing 
orchards  and  their  relative  nitrogenous  requirements. 

Project  2:  A  cultural  project  with  young  apple  trees  to  compare  the  effect 
of  various  systems  of  culture.     In  this  project: 

Plat  1  is  to  be  plowed  early  in  the  spring  and  clean  cultivation  will  be  given 
until  the  cover  crop  is  seeded  again  about  July  20th. 

Plat  ^  is  to  be  kept  in  clover  as  continuously  as  possible.  A  mulch  of  straw 
is  to  be  kept  around  the  trees  as  far  out  as  the  tips  of  the  branches,  and  the 
clover  on  this  plat  will  be  mowed  for  hay  and  removed. 

Plat  3  seeded  to  alfalfa  with  the  trees  mulched  with  straw  as  plat  2,  and  the 
alfalfa  cut  and  removed  from  the  orchard. 

Plat  4  same  as  plat  3  except  the  first  cutting  each  year  of  alfalfa  will  be 
used  for  a  mulch  about  the  trees  while  the  other  cuttings  are  to  be  removed 
from  the  plat. 

Plal  5  to  be  treated  exactly  as  plat  4  except  that  this  treatment  is  to  be 
supplemented  by  an  application  of  nitrate  of  soda  to  the  trees  early  in  the 
spring. 

The  fundamental  object  of  this  test  is  to  see  if  fruit  growers  can  produce 
young  apple  orchards  by  continued  use  of  int-ervening  spaces  among  the 
trees  for  producing  such  crops  as  alfalfa,  without  proving  deterimental  to  the 
growth  of  the  trees  until  they  come  into  bearing. 

Project  3 :  Apple  training  and  pruning  experiment.  To  ascertain  the  best 
methods  of  pruning  trees  at  planting  time  and  each  succeeding  year.  Six 
standard  varieties  of  trees  were  selected  to  plant  in  the  spring  of  1919,  20  feet 
apart  each  way.  The  first  row  of  each  variety  had  the  roots  and  tops  pruned 
heavily  when  set  and  were  to  be  pruned  during  the  dormant  season  each 
succeeding  year  as  commonly  practiced.  Row  2  of  each  variety  was  not 
pruned  at  planting  time  except  to  reduce  the  scaffold  limbs  to  at  least  five 
and  no  pruning  is  to  be  done  after  sotting  until  the  trees  come  into  bearing. 
Row  3  of  each  variety  had  little  pruning  of  the  tops  when  set,  the  scaffold 
limbs  being  reduced  to  five  or  less  but  with  no  heading  back  of  the  scaffold 
limbs.  These  rows  are  to  have  a  little  pruning  the  first  half  of  July.  Row 
4  of  each  variety  had  a  little  pruning  of  roots  and  tops  when  set  with  the  scaf- 
fold limbs  reduced  to  five  or  less.    These  rows  are  to  be  pruned  frequently 
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during  the  growing  season,  the  purpose  being  to  remove  all  surplus  growth  of 
the  limbs  while  very  small. 

Project  4:  To  compare  clean  culture  and  sod  in  a  cherry  orchard,  to  deter- 
nuEC  whether  it  is  practicable  to  grow  cherry  trees  in  sod  provided  they  are 
properly  fertilized.  On  this  plat  nitrogenous  fertilizers  were  applied  to  some 
of  the  trees  in  the  spring  and  have  already  shown  excellent  results  in  foliage 
and  in  growth  produced. 

Project  5.  This  cover  crop  experiment  was  started  a  year  ago  on  a  block 
of  spy  trees  planted  the  previous  spring.  The  object  of  this  experiment  is 
to  test  the  relative  values  of  the  different  kinds  of  cover  crops  now  most  com- 
monly used,  ascertaining  the  total  amount  of  organic  matter  being  added 
by  each  of  the  different  kinds  and  their  relative  effects  on  growth  and  fruit 
production. 

In  addition  to  these  plots  a  block  of  Bartlett  and  Seckle  pears  and  a  block 
of  Abundance  pliuns  were  planted  for  further  experimental  work.  A  young 
peach  orchard  was  set  this  spring  to  test  the  nitrogen  requirements  of  peach 
trees,  and  the  differences  in  the  effect  of  nitrogen  applied  at  different  times. 
Five  acres  of  Concord  grapes  were  set  early  this  spring  for  further  work  on 
fertilization  and  pruning  grapes  and  also  about  an  acre  of  Washington  aspara- 
gus, a  rust  resistent  strain  developed  by  the  Government  which  we  hope  to 
disseminate  to  the  growers  throughout  the  State  interested  in  this  crop.  We 
are  also  carrying  on  a  variety  test  of  strawberries  and  have  made  some  smaller 
plantings  of  loganberries,  dewberries  and  other  bush  fruits,  testing  the  varie- 
ties and  making  fundational  plantings  for  future  plant  breeding  work  of  bush 
fruits.  Detailed  outlines  of  these  experimental  projects  already  developed 
have  been  submitted  to  you. 

Early  in  the  spring  we  had  the  pleasure  of  an  inspection  trip  through  these 
grounds  by  the  Experimental  Committee  of  the  Michigan  State  Horticultural 
Society.  We  hope  that  this  is  going  to  prove  an  annual  event  that  we  may 
be  in  closer  touch  with  the  economic  needs  of  the  fruit  growers  and  receive 
such  suggestions  in  the  developing  of  these  projects  as  they  have  to  offer. 

The  credit  for  the  excellent  development  of  these  grounds  the  past  year  is 
due  largely  to  the  capable  and  conscientious  work  of  Mr.  H.  D.  Hootman, 
superintendent  of  the  grounds. 

Respectfully  submitted, 

C.  P.  HALLIGAN, 

Horticulturist. 
EaBt  Lansing,  Michigan,  June  30,  1921. 

SOUTH  HAVEN  STATION  BEPORT. 

ToDirectorR.  S.Shaw: 
Dear  Sir: 

A  few  years  ago  this  Station  entered  into  a  cooperative  contract  with  the 
Office  of  "Pomology  of  the  United  States  Department  of  Agriculture  for  the 
use  of  the  South  Haven  Experiment  Station  for  fruit  tree  breeding  work. 

The  problem  of  developing  blight  resistant  pears  and  of  a  peach  hardier  in 
bud  than  any  we  have  at  present,  were  the  primary  projects  to  be  considered. 
In  addition  to  this  the  breeding  of  other  tree  fruits  such  as  apples  was  also 
undertaken.  During  the  first  two  years  on  this  contract  Mr.  Wight  of  the 
federal  ofRce  spent  much  of  his  time  at  the  Station  making  crosses  and  growing 
the  resultant  seedlings.     This  work  has  now  developed  to  such  an  extent 
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that  our  present  acreage  is  insufficient  for  testing  out  all  of  these  yousg 
trees. 

A  recent  visit  of  Mr.  L.  C.  Corbett  and  Mr.  L,  B.  Scott  of  the  Office  of 
Pomology,  at  Washington,  to  inspect  the  work  that  has  been  done  and  the 
material  at  hand,  impressed  them  bo  favorably  that  they  are  very  anxious  to 
have  the  work  extended  and  desire  to  help  financially  in  such  an  extension  of 
this  work  as  is  possible. 

There  is  a  very  pressing  demand  at  the  present  time  for  work  upon  some 
of  the  problems  in  the  growing  of  small  fruits  for  the  southwestern  section  of 
the  State.  Local  growers  around  South  Haven  are  very  anxious  for  us  to- 
undertake  this  work  and  we  have  reason  to  believe  that  the  fruit  growers  in 
the  vicinity  of  this  Station  would  be  glad  to  furnish  the  land  free  of  charge  for 
this  work.  A  recent  inspection  trip  by  the  writer  in  company  with  Mr,  L. 
B.  Scott,  special  investigator  in  nursery  stock  propagation,  impressed  him  with 
the  adaptability  of  the  climatic  and  soil  conditions  in  the  vicinity  of  South 
Haven  for  the  production  of  fruit  tree  stocks.  Inasmuch  as  we  already  have 
a  station  there  he  is  anxious  to  obtain  an  acreage  for  this  work  in  this  vicinity, 
carrying  on  the  work  cooperatively  as  we  have  previously  been  doing  with 
the  fruit  breeding  work.  It  is  the  hope  of  the  writer  that  such  a  cooperative 
contract  may  be  entered  into  by  this  station  to  develop  this  work. 

At  present  there  exists  at  the  station  grounds  one  of  the  largest  and  best 
collections  of  species  of  peach  trees  that  can  be  found  in  this  country  as  a 
foundation  for  future  breeding  work ;  also  one  of  the  best  collections  of  pears, 
including  some  very  desirable  fire-bhght  resistant  stock  from  China  which 
the  government  collected  a  few  years  ago  and  has  since  ascertained  its  value 
as  blight  resistant  stock. 

During  the  past  year  we  have  been  successful  in  inducing  the  city  officials 
to  take  care  of  the  drainage  that  formerly  flowed  on  to  a  section  of  this  pro- 
perty, keeping  a  large  area  in  a  very  wet  and  unsuitable  condition  for  the  grow- 
ing of  fruit  trees.  Trees  upon  this  block  since  the  drainage  matter  has  been 
controlled  have  been  making  an  excellent  new  growth. 

Mr.  Stanley  Johnston,  superintendent  of  the  station  grounds,  has  been 
giving  much  of  his  time  to  other  experimental  work  being  carried  on  by 
this  office  throughout  the  fruit  belt,  especially  along  the  lines  of  spraying 
and  dusting,  by  assisting  Mr.  Dutton.  During  the  winter  months  he  took 
cl^rge  of  the  short  course  teaching  work  in  horticulture.  It  is  a  pleasure  to 
express  our  appreciation  of  the  services  Mr.  Johnston  has  rendered  the  past 
year. 

Respectfully  submitted, 

C.  P.  HALLIGAN, 

Horticulturist. 
East  Lansing,  Michigan,  June  30,  1921. 
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REPORT  OF  THE  SOILS  SECTION. 

DirectorR.  S.Shaw: 

The  different  lines  of  experimental  work  undertaken  by  the  members  of 
the  Soils  section  have  been  conducted  with  enthusiasm,  and  gratifying  results 
have  been  obtained. 

The  number  of  soil  fertility  projects  on  mineral  soils  has  been  increased 
until  there  are  underway  forty-five  in  rather  widely  separated  areas  of  the 
State.  The  request  for  cooperative  testa  and  demonstrationB  has  been 
greater  than  we  could  put  on  and  care  for  properly.  A  notable  example  of 
the  success  of  this  movement  is  the  interest  manifested  in  Kalamazoo 
county.  Here  the  board  of  supervisors  set  aside  sufficient  funds  to  conduct 
tests  on  different  soil  types.  County  Agent  R.  L.  Olds  deserves  much  credit 
for  the  success  of  this  campaign.  The  results  that  have  been  obtained  have 
been  reported  in  the  Experiment  Station  Quarterly,  bulletins,  and  the  agri- 
cultural press. 

Several  muck  land  cooperative  fields  are  in  progress.  Cultural  operations 
and  different  combinations  of  manure  and  fertilizers  are  showing  striking 
results  oD  some  of  the  deposits  that  have  been  under  cultivation  a  number  of 
years.  Thus  far  the  work  has  been  well  received  and  as  with  the  mineral 
soils  the  requests  for  cooperation  by  fanners  have  been  greater  than  could  be 
met.  As  a  result  we  are  attempting  to  so  distribute  these  that  the  maxi- 
mum number  of  farmers  will  be  served.  In  this  field  the  cooperation  of 
county  agents  has  been  of  great  value  in  many  respects. 

The  researches  of  Dr.  G.  J.  Bouyoucos  on  the  soil  solution,  soil  moisture 
and  the  causes  of  the  appearance  of  frost  on  the  muck  areas  have  been  con- 
ducted with  vigor,  care  and  foresight. 

Mr.  Spurway  has  continued  the  investigation  on  the  effects  of  fertilizer  salts 
on  soils.  Such  information  is  fundamental  to  a  knowledge  of  the  proper 
use  of  such  materials.  Mr.  Millar  in  addition  to  his  instructional  duties  has 
obtained  information  on  the  soluble  materials  in  cropped  and  virgin  soils. 

The  soil  survey  is  progressing  satisfactorily.  Field  parties  are  at  work  in 
St.  Joseph,  Ottawa  and  Ontonagon  counties.  The  employment  of  a  leader 
of  field  parties  should  enable  the  work  to  be  correlated  and  nuuntained  at  a 
high  standard. 

The  various  members  of  the  Soils  section  desire  to  express  their  apprecia- 
tion of  your  timely  advice  and  support  during  the  year. 
Respectfully  submitted, 

M.  M.  McCOOL. 
East  Lansing,  Michigan,  June  30  1921. 
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REPORT  OF  UPPER  PENINSULA  EXPERIMENT  STATION. 

Director  R.  S.  Shaw: 

East  Lansing,  Michigan. 
Dear  Mr.  Shaw: 

I  herewith  submit  a  brief  report  of  the  work  of  the  Upper  Peninsula  Experi- 
ment Station  for  the  fiscal  year  ending  June  30,  1921.  The  work  that  has 
previously  been  carried  on,  has  been  continued,  and  considerable  expansion 
has  been  made  along  Beveral  lines,  especially  so  in  the  crops  experimental 
work  conducted  by  Mr.  G.  W,  Putnam,  and  the  plant  discEise  work  in  charge 
of  Mr.  J.  E.  Kotila,  whose  reports  are  hereto  appended. 

More  fencing  has  been  done,  and  considerable  more  land  put  under  culti- 
vation. It  is  the  plan  now  to  make  land  clearing  a  major  project  for  the  bal- 
ance of  the  season  in  order  to  enable  us  to  produce  sufficient  feed  to  increaee 
our  herds  and  flocks. 

The  past  season  has  been  very  favorable  for  a  large  crop  production.  Our 
Wolverine  oats  averaged  over  100  bushels  per  acre,  and  the  sunflower  field 
produced  24.6  tons  per  acre,  weighed  just  before  putting  into  the  silo. 
The  sunflower  crop  is  very  rapidly  finding  its  place  as  a  standard  silage  crop 
on  stock  farms  of  the  Upper  Peninsula,  where  it  is  replacing  corn,  peas  and 
oats.  Its  high  yielding  power,  resistance  to  frost,  combined  with  compar- 
atively high  feeding  value,  is  doing  much  to  popularize  it  where  com  is  not  suc- 
cessfully grown. 

The  flocks  of  sheep  have  been  steadily  growing  and  improving,  by  the  use 
of  good  sires  and  good  pastures.  The  flock  now  consists  of  271  matured  sheep 
of  the  Hampshire,  Shropshire  and  Rambouillet  breeds  and  the  different 
crosses  of  these  breeds.  Careful  records  are  kept  of  each  individual  in  the 
flock  as  to  weights  of  fleece,  breeding,  and  weights  of  lambs.  The  object 
is  to  determine  what  breed  or  cross  will  be  best  adapted  for  Upper  Peninsula 
conditions,  and  to  enable  us  to  eliminate  poor  individuals  from  the  flocks. 
Ram  lambs  and  ewes  were  sold  to  the  farmers  for  breeding  purposes  and  all 
surplus  stock  sold  to  Clay,  Robinson  &  Co.  At  the  close  of  the  lambing 
season,  the  Station  had  120%  of  living  lambs. 

The  dairy  herd  now  consists  of  thirteen  milk  cows,  three  heifers,  one  herd 
bull  and  eleven  young  stock.  Seven  bulls,  three  heifers  and  three  cows  were 
sold  for  breeding  purposes.  The  best  individuals  have  been  kept  in  the  herd 
which  enables  us  to  steadily  increase  the  quality  and  production.  The  aver- 
age production  during  the  past  year  was  13,000  pounds  of  milk.  The  majority 
of  the  milk  and  cream  has  been  sold  to  the  milk  and  cream  trade  in  Marquette 
and  Munisii:^. 

Two  teams  of  horses  were  sold  last  fall  to  lumbermen,  and  one  team  pur- 
chased this  spring.    The  Station  now  has  five  horses. 

A  flock  of  Barred  Rock  chickens  has  been  kept.  The  cockerels  were  sold 
to  the  farmers  for  breeding  purposes  and  the  eggs  for  hatching. 

Considerable  improvement  has  been  made  with  roads  around  the  buildings. 
A  new  road  has  been  graded  and  graveled  from  the  office  to  the  main  road 
and  another  from  the  horse  bam  to  the  main  road. 

The  house  on  the  forty  acres  purchased  last  year,  has  been  completely 
remodeled  inside,  a  new  kitchen  built  and  a  new  basement  constructed.  ,)oq[(; 


BXPERIHENT  STATION  REPORTS.  206 

The  laboratory  room  bas  been  buUt  Id  the  grain  room  above  the  office,  and 
partially  equipped. 

The  boardii^  house  has  been  painted  on  the  outside  and  kalsomined  on 
the  in^de.    The  office  building  has  also  been  painted. 

Some  new  machinery  has  been  purchased  for  the  farm,  and  for  experi- 
mental work. 

The  annual  round-up  put  on  August  10-11,  was  quite  successful,  and 
approximately  3,000  people  were  in  attendance.  Demonstration  work  alot^ 
live  stock  and  farm  crops  lines  was  a  feature,  and  a  speaking  program  was 
rendered  in  the  afternoon.  Alger  county  generously  donated  an  excellent 
barbecue  dinner  in  order  to  assist  in  accomodating  the  crowds.  The  boys' 
and  girls'  club  members' camp  was  put  on  at  the  time  of  the  round-up.  They 
received  special  instructions  in  live  stock  and  crop  lines,  and  live  stock 
prizes  were  given  to  the  winners  of  the  final  judging  cont^s. 
Respectfully  submitted, 

D.  L.  McMillan, 

Superintendent. 
Chatham,  Michigan,  June  30,  1921. 

Mr.  D.  L.  McMillan,  Superintendent, 
•     Chatham,  Michigan. 
Dear  Mr.  McMillan : 

I  herewith  make  report  of  plant  disease  investigations  carried  on  at  the 
Upper  Peninsula  station  during  the  fiscal  year  ending  June  30,  1921. 

POTATO  DISEASES. 

These  investigations  have  t)een  a  continuation  of  the  projects  started  in 
1919,  supplemented  by  the  potato  leaf-hopper  investigations  which  were 
started  in  1920.  The  1919  and  1920  seed  treatment  experiments  having 
shown  that  neither  formaldehyde  nor  corrosive  sublimate,  which  are  usually 
reconmiended  for  the  control  of  seed-borne  diseases  such  as  scab,  black  scourf 
and  black  leg,  were  effective  in  the'  control  of  scab  under  conditions  existing 
at  this  Station.  The  1921  seed  treatment  experiments  were  supplemented 
by  soil  treatment  experiments  for  scab  control.  In  these  experiments,  sul- 
phur in  various  forms  was  applied  to  the  soil  as  a  top  dressing  before  planting 
the  tubers.  The  importance  of  scab  control  in  the  Umestone  areas  of  the 
Upper  Peninsula  becomes  significant  when  it  is  learned  that  even  the  first 
crop  of  potatoes  grown  on  a  given  piece  of  land,  bears  a  high  percentage  of 
scab,  and  succeeding  crops  on  the  same  ground,  even  if  grown  after  an  interim 
of  10  years,  are  largely  unmarketable  because  of  this  disease. 

Hill  selection  work  for  studying  the  dissemination  of  Mosaic,  Leaf  Roll  and 
Streak  from  diseased  to  healthy  hills  has  been  continued  and  also  the  cage 
experiments  to  determine  whether  insects  are  factors  in  spreading  these 


Spraying  experiments  for  control  of  hopperbum  (tipbum)  and  leaf  diseases 
which  were  started  in  1920,  have  been  supplemented  by  the  use  of  dusts  in 
1921. 

Most  of  the  laboratory  researches  have  been  devoted  to  the  investigation 
of  the  Black  Leg  disease  of  potatoes  which  is  very  prevalent  in  the  Upper 
Peninsula  potato  fields. 
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OTHER  DISEASE. 


Wbereas  moat  of  the  time  has  been  spent  in  the  investigation  of  the  potato 
diseases  of  the  Upper  Peninsula,  a  little  time  has  been  devoted  to  making 
observations  on  the  diseases  affecting  the  other  crops  grown  at  the  Station, 
more  particularly  black  stem  rust  of  wheat  and  rust  of  sunflowers. 

Owmi;  to  the  increased  importance  of  the  latter,  as  a  silage  crop  in  the  Upper 
FeniuBula,  the  control  of  sunflower  rust  has  become  urgent  and  to  this  end 
preliminary  seed  treatment  experiments  were  undertaken  in  1921. 

With  an  expression  of  appreciation  for  the  hearty  cooperation  you   have 
gjven  to  the  disease  work  carried  on  at  this  Station,  I  am 
Respectfully, 

J.  E.  KOTALA, 
Research  Assistant  in  Plant  Pathology. 

Chatham,  Michigan,  June  30,  1921. 

Superintendent  D.  L.  McMillan, 

Chatham,  Michigan. 
Dear  Sir: 

I  herewith  submit  a  brief  report  of  the  experimental  crops  work  for  the  year 
ending  June  30,  1921. 

The  data  obtained  from  the  grain  plots  of  1920  would  indicate  that  spring 
barley,  oats  and  field  peas  can  be  grown  very  successfully;  while  spring  wheat, 
winter  wheat,  soy  beans  and  com  can  be  grown  successfully  only  when  the 
season  is  especially  favorable,  or,  in  the  case  of  soy  beans,  and  com,  when 
seeded  well  to  the  southern  boundary  of  the  territory.  Black  Stem  Rust  is 
the  principal  cause  of  failure  of  the  wheat  crop,  as  well  a^  soy  beans  and  com. 
This  disease  is  prevalent  throughout  the  territory,  causing  the  growing  of 
wheat  to  be  classed  as  an  uncertain  crop. 

Experiments  with  forage  crops  would  indicate  that  mixtures  of  oats  and 
vetch,  or  peas  and  oats,  is  a  very  dependable  short  season  hay  crop.  Sun- 
flower experiments  would  indicate  the  most  successful  method  of  growing 
the  crop  for  silage,  is  to  seed  early,  in  rows  from  30  to  36  inches  apart,  at  from 
6  to  8  pounds  of  seed  per  acre. 

Potato  experiments  in  progress,  indicate  the  necessity  of  careful  selection 
work  to  secure  disease  free  seed,  stock  of  high  yielding  power.  Green  Moun- 
ttuns  sad  Rurals  are  the  outstanding  varieties  in  variety  test  plots. 

Cooperative  work  in  studying  and  classifying  pea  varieties,  is  in  progress 
with  the  East  Lansing  Station.  One  hundred  and  fifty-four  strains  are  being 
tested  this  year.  Commercial  pea  varieties  are  being  tested  for  grain  and 
forage  production.  A  strain  of  English  field  peas  is  being  increased  for  dis- 
tribution, also  a  strain  of  Alaska  canning  peas. 

Cooperative  crop  testing  in  various  counties  has  been  increased  with  the 
addition  of  Mr.  John  Hammes  as  field  man.    Twenty-three  demonstrations 
have  been  placed  in  twelve  counties  of  the  Upper  Peninsula. 
Respectfully  submitted, 

G.  W,  PUTNAM, 
Research  Assistant  in  Farm  Crops- 
Chatham,  Michigan,  June  30,  1921. 
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REPORT  OF  THE  DIVISION  OF  EXTENSION  WORK. 

Prraident  F.  S.  Kedzie. 
Dear  Sir: 

The  work  of  the  Exteneion  division  is  given  as  a  brief  summary  of  the  results 
accompliBbed  under  the  various  projects  which  have  been  established  under 
the  terms  of  the  Smith-Lever  act.  Under  the  terms  of  this  act,  all  work  under- 
taken must  be  approved  by  the  Secretary  of  Agriculture  before  it  is  begun. 
This  is  accomplished  by  means  of  written  projects  outlining  the  piuposes 
and  methods  of  procedure  of  each  branch  of  work.  For  each  subsequent 
year  a  detailed  annual  plan  of  work  is  required  to  be  submitted  to  the  federal 
office  for  approval.    ITie  projects  in  effect  during  the  year  are  as  follows; 

1.  Administration.         * 

2.  County  agents. 

3.  Home  economics. 

4.  Home  demonstration  agents. 

5.  Boys'  and  girls'  clubs. 

6.  Farm  crops. 

7.  live  stoclc. 

8.  Horticulture. 

9.  Potatoes  and  vegetables. 

10.  Soils. 

11.  Farm  management  demonstrations. 

12.  Insect  control. 

13.  Household  en^neering  and  drainage. 

14.  Markets. 

15.  Poultry. 

County  Agria^ural  Agents: 

During  the  year  65  counties  have  had  county  ^[ricultural  agents.  This 
ia  the  largest  number  of  agents  since  the  war,  at  which  time  emergency  funds 
extended  this  work  into  68  counties.  The  coimties  which  have  been  added 
this  year  are:  Crawford,  Gratiot,  Hillsdale,  Huron,  Leelanau  and  Oceana. 
There  are  sixteen  counties  having  no  agents,  five  or  six  of  which  probably 
would  not  be  able  to  finance  the  work  alone. 

The  development  of  the  county  farm  bureaus  during  the  year  has  stimulated 
and  strengthened  the  work,  not  only  by  providing  funds  for  the  employment 
of  agents,  but  also  by  brining  larger  numbers  of  farmers  into  active,  sympa- 
thetic contact  with  the  county  work.  The  farm  bureau  serves  as  a  means  of 
making  the  farmers  themselves  an  active  partner  in  developing  a  plan  of  work 
for  their  county  and  assisting  in  carrying  it  out.  The  work  undertaken  in 
the  individual  counties  varies  greatly  according  to  the  regional  interests.  All 
programs  of  work  are  built  around  the  important  sources  of  income  and  in- 
clude home  and  community  interests.  Success  in  carrying  out  such  an 
incltisiTe  and  often  complex  program  is  dependent  upon  findii^  men  or  women 
who  are  willing  and  able  to  assist  locally.  These  helpers  must  be  found 
and  developed  until  they  become  recognized  leaders  among  their  associates. 

flnanci^  support  is  from  two  sources:  farm  biireau  memberships  and 
appropriations  made  by  boards  of  supervisors.    Membership  fees  used  for 


208  STATE  BOAHD  OF  AGRICTTLTURB. 

county  agent  work  this  year  amount  to  $89,000.  Appropriations  by  boards 
of  supervisors  aggregated  $174,906,  as  compared  to  $129,948  the  previous 
year.  In  addition  to  these  amounts,  State  and  federal  funds  provide  for 
SI, 200  per  county,  which  is  paid  directly  to  the  coimty  agent  by  the  College. 
More  adequate  funds  have  made  it  possible  to  pay  better  salaries  to  agents, 
resulting  in  fewer  changes  in  the  staff  and  the  attracting  of  more  experienced 
men  to  the  work. 

The  problems  of  organization  during  the  year  have  been  exceedingly  com- 
plex. The  desire  on  the  part  of  the  farmers  for  strong,  economic  institutions 
through  which  they  could  combine  their  efforts  for  marketing  purposes  was 
greatly  stimulated  by  the  organization  of  the  farm  bureaus.  Inasmuch  as 
marketing  was  the  fundamental  purpose  of  these  organizations,  the  efforts 
of  the  county  agents  along  these  lines  were  directed  by  the  marketing  special- 
ists of  the  College,  and  the  summary  of  these  results  is  given  under  that 
heading.  In  ali  organization  work,  however,  the  County  Agricultural  Agent 
is  the  active  leader  in  his  county  with  a  constant  first-hand,  personal  knowledge 
of  local  situations  in  each  marketing  center.  When  cooperative  institutions 
are  in  need  of  help  during  their  formation  or  later,  the  agent  brings  to  them  the 
best  available  information  regarding  required  volume  of  business,  equipment, 
constitutions,  by-laws,  financing,  contracts,  affiliations  with  commodity 
exchanges,  etc.,  and  gives  the  membership  a  full  acquaintance  with  the  local 
and  state-wide  situation  regarding  cooperative  concerns.  During  the  year 
material  assistance  was  given  in  the  formation  of  321  such  organizations. 

The  cooperative  marketing  associations  are  proving  to  be  a  strong  factor 
not  only  in  marketing  but  also  in  promoting  production  projects.  Through 
these  institutions  large  groups  of  members  can  be  reached  in  supplying  better 
seeds,  in  standardizing  produce,  in  promoting  better  live  stock,  and  in  fact, 
in  carrying  out  any  economic,  educational  effort. 

The  county  agent  cooperates  with  all  forms  of  organizations  which  can, 
be  used  to  effect  his  purpose.  These  include  granges,  gleaners,  farmers 
clubs  and  farm  bureau  locals.  The  agents  report  that  their  work  has  ex- 
tended into  928  communities,  and  of  this  number  871  have  some  form  of  ■ 
local  organization,  with  committees  assisting  in  carr>'ing  out  a  program  of 
work. 
Soils: 

Reports  for  the  last  calendar  year  from  48  counties  indicate  that  there 
were  15,802  farmers  who  used  fertilizers,  cither  in  demonstrational  work  or 
through  the  assistance  of  the  agents.  Forty-one  counties  show  that  lime 
was  used  on  3,609  farms  totaling  198,574  tons ;  soil  was  tested  for  acidity  on 
988  farms;  27  agents  report  that  27,060  acres  of  clover  or  other  legumes 
were  plowed  under  for  green  manure;  in  22  counties  there  were  51  drainage 
systems  planned  and  adopted  on  an  area  of  5,855  acres. 

It  should  be  remembered  that  high  freight  rates  and  decreasing  prices  of 
farm  products  has  kept  many  farmers  from  undertaking  anything  of  this 
kind. 
Crops: 

The  work  done  by  the  agents  with  grain  and  forage  crops  has  been  in 
close  cooperation  with  the  Farm  Crops  department  and  the  Seed  Depart- 
ment of  the  Farm  Bureau.  Through  this  cooperation  a  general  plan  for 
the  State  and  counties  is  made  and  carried  out,  based  on  variety  tests  and 
demonstrations  well  distributed  over  the  grain  area.  All  demonstrations  are 
located  in  places  where  they  can  be  readily  observed  by  other  fanners. 
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Observation  tours  are  platmed  for  the  purpose  of  brining  large  numbers 
of  farmers  to  these  demonstrations  at  times  in  the  season  when  results  are 
most  striking. 

Alfalfa  growing  has  been  promoted  with  greater  success  probably  because 
of  the  fact  that  great  quantities  of  guaranteed  hardy  variety  seed  was  made 
available  tbroi^h  the  Farm  Bureau.  About  153,000  pounds  of  Grimm  and 
215,000  pounds  of  common  alfalfa  of  guaranteed  origin  was  sold  to  the  farmers 
through  the  Farm  Bureau  during  the  season.  Reports  from  38  counties  show 
that  sweet  clover  was  introduced  or  culture  methods  modified  on  902  farms 
involving  7,466  acres.  Hubam  clover  is  being  introduced  this  year  and  28 
counties  are  cooperating  with  the  College  in  its  culture.  A  strong  impetus 
to  the  production  of  higher  quality  of  red  clover  seed  has  been  general  this 
year  by  the  use  of  seed  of  guaranteed  origin.  In  33  counties  soy  bean  demon- 
strations were  carried  out  on  285  farms  on  a  total  of  1,448  acres.  Legume 
cultures  supphed  by  the  Department  of  Bacteriology  at  cost  through  the 
county  agents  amounted  to  approximately  7,000  bottles  during  the  season. 

Statistics  from  the  agents  showed  that  3,340  farms  were  influenced  to  use 
improved  seed  oats  and  668  farms  offered  such  seed  for  sale.  Twenty-two 
counties  reported  barley  variety  tests  and  demonstrations.  Under  the 
supervision  of  the  Farm  Crops  department,  thirteen  counties  are  conducting 
ear-to-ear  com  demonstrations.  Statistics  from  28  counties  show  49,832 
farms  as  planting  selected  seed  com. 

Rosen  rye  has  become  the  standard  variety  of  the  State.  To  assure  a 
permanent  source  of  unmixed  seed  the  agents  are  now  cooperating  in  the 
distribution  of  seed  raised  from  head-selected  stock.  Thirty-five  counties 
reported  last  season  that  there  were  2,727  farms  on  which  cultural  methods 
relative  to  wheat  were  modified  involving  44,870  acres.  Seed-wheat  was 
treated  for  smut  on  3,275  farms. 

Statistics  from  42  counties  last  season  showed  that  3,732  farmers  treated 
seed  potatoes  for  disease  control  involving  13,720  acres;  that  1,602  farmers 
sprayed  potatoes  on  a  total  of  10,073  acres;  that  cultural  methods  were 
changed  on  1,658  other  farms  including  7,332  acres. 

Potato  seed  inspection  wa^  carried  out  in  16  counties.  This  season  24 
counties  are  starting  this  work.  Last  year  269  acres  were  inspected  as  com- 
pared with  1,100  being  offered  for  inspection  this  year. 

During  the  season  agents  gave  assistance  with  the  planting  of  41 1  orchards. 
Spraying  was  done  on  3,416  farms  and  pruning  on  6,194  farms. 
Inted  conlrd: 

Efforts  in  insect  control  included  work  with  Hessian  fly,  army  worms, 
chinch  bugs,  grape  leaf  hopper,  berry  moth,  rose  chafer,  codling  motb  and 
leaf  hopper  and  grasshoppers.  Grasshopper  control  work  was  carried  on  in 
16  counties  with  the  financial  support  of  boards  of  supervisors.  The  organi- 
sation for  carrying  on  this  work  in  each  county  is  in  the  hands  of  the  county 
agent.  Estimates  from  two  counties  give  amounts  saved  by  grasshopper 
poisoning  as  $200,000  and  $750,000.  Reports  show  that  there  were  10,779 
farms  on  which  insect  control  methods  were  followed  involving  587,122  acres 
and  that  3,651,603  pounds  of  poisoned  bait  were  used. 
Live  stock: 

The  live  stock  projects  include  standardization  of  breeds  by  conmiunities 
and  counties,  the  elimination  of  scrub  sires  and  the  introduction  of  pure  bred 
bulls  and  high  grade  females,  the  erection  of  silos,  the  improvement  of  feeding 
and  care,  the  control  or  eradication  of  disease,  and  organization  work  such  as 
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assistance  given  in  the  formation  of  cow  teBting,  live  stock  shipping  and 
breeders'  asaociations. 

The  statistical  statement  of  this  work  as  given  in  the  calendar  year  reports 
by  the  agents,  is  as  follows:  Registered  stallions  and  mares  secured,  78; 
dairy  bulls,  202  and  beef,  69;  registered  cows,  dairy,  222  and  beef,  41;  high 
grade  cows,  dairy,  352  and  beef,  100;  registered  rams,  97;  registered  boars, 
61;  cows  tested  for  milk  production  through  associations  or  by  individuals, 
6,790;  cows  discarded  as  result  of  test,  377;  fanners  assisted  in  figuring  bal- 
anced rations,  1,044;  silos  erected,  784;  farms  on  which  poultry  practice  was 
modified,  2,240;  animals  tested  for  tuberculosis,  5,265;  hogs  vaccinated  for 
cholera,  4,314;  hogs  treated  for  hemorrhagic  septicemia,  171;  farmers 
assisted  in  controlhng  necro-bacillosis,  101,  fanners  assisted  in  controlling 
contagious  abortion,  54;  farms  on  which  beekeeping  was  introduced  or  the 
handling  of  bees  modified,  206;  involving  1,975  hives. 

The  live  stock  organization  work  statistically  stated  is  as  follows:  a^ocia- 
tions  organized  previous  to  1920  numbered  84  with  3,330  members;  in  1920, 
29  associations  were  organized  with  a  membership  of  619.  Since  December  1, 
1920,  there  have  been  formed  25  live  stock  organization,  referred  to  under 
the  section  on  oiganization. 
TiAerculoais: 

The  boards  of  supervisors  in  ten  counties  have  made  appropiation  for 
furthering  the  work,  the  amounts  varying  from  $1,000  to  85,000,  and  twenty 
counties  report  either  considerable  testing  done  or  preparations  being  made 
for  undertaking  this  project.  The  live  stock  men  are  taking  a  keen  interest 
in  it  and  the  campaign  for  control  of  the  disease  is  spreading  rapidly  over  the 
State.  The  counties  in  which  appropriations  have  been  made  are :  Livingston, 
Emmet,  Charlevoix,  Antrim,  Grand  Traverse,  Jackson,  Hillsdale,  Gogebic, 
Leelanau  and  Wayne. 
Farm  jmmagemetd. 

In  33  counties  the  agents  cooperated  in  the  holding  of  farm  accounting 
schools.  Fifty-six  county  agents  distributed  a  total  of  950  account  books. 
Two  hundred  and  fifty-three  farmers  were  assisted  in  summarizing  and  inter- 

Ereting  their  accounts  and  122  made  changes  in  their  business  as  a  result  of 
eeping  accounts;  1,15S  farmers  adopted  cropping,  live  stock,  or  complete 
fanning  systems  according  to  recommendations;  158  buildings  other  than 
homes  were  constructed  or  remodeled  according  to  plans  furnished;  18  f^nn 
leases  were  drawn  or  modified. 

Labor. 

The  reports  show  that  the  agents  assisted  the  farmers  in  getting  1,352  farm 
laborers  and  that  146  farmers  were  assisted  in  securing  machinery  to  econo- 
mize labor. 

Credii. 

Requests  by  the  farmers  for  assistance  in  obtainii^  better  credit  facilities 
have  been  many  and  the  farm  loan  association  has  been  an  important  factor 
in  meeting  the  credit  needs  since  provisions  were  made  for  such  associations. 
The  agents  assisted  in  the  formation  of  11  farm  loan  associations,  and  five 
other  credit  associations,  involving  707  farmers. 

Marketing. 

For  the  calendar  year  1920,  the  reports  of  60  county  agents  show  that 
there  were  236  marketing  associations  formed,  with  a  membership  of  approxi- 
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mately  30,000.  The  business  transacted  by  these  new  associations,  several  of 
which  had  been  organized  but  a  short  time  when  these  figures  were  obtained, 
amounted  to  about  five  million  dollars,  with  an  estimated  saving  of  three 
hundred  thousand  dollarB.  Including  all  types  of  buying  and  selHng  associ- 
ations with  which  the  county  agents  work,  there  was  a  total  of  481,  Novem- 
ber 30,  with  a  membership  of  about  60,000  and  transactii^  business  amount- 
ing to  about  $14,500,000  with  a  saving  of  $1,400,000.  Since  December  1, 
1920,  there  have  been  77  cooperative  marketing  associations  formed. 

In  the  counties  having  agents  there  has  been  reported  a  total  of  670  local 
organizations  performing  marketing  functions. 
Meetings. 

The  many  meetings  held  in  every  county  each  year  are  primarily  for  the 
purpose  of  planning  the  county  and  conmiunity  programs,  devising  methods 
for  carrying  them  on,  following  up  the  work  and  explaining  the  results  achieved. 
These  meetings  during  the  winter  consist  largely  of  schools  and  institutes 
and  of  other  meetings  for  organization  and  for  discussing  and  planning  the 
work;  during  the  summer,  meetings  are  held  at  demonstrations,  observation 
tours  are  conducted  and  other  meetings  for  oi^anization  and  follow-up,  both 
community  and  county-wide,  are  held.  Much  assistance  is  given  by  the  ex- 
tension specialists  in  conducting  these  meetings.  The  following  is  a  classified 
list  of  the  meetings  held: 

Number  Attendance. 

Annual  Farm  Bureaumeetings 63         6 ,029 

Executive  committee  meetings 461         3,363 

Community  meetings 1,856       90,929 

Community  committee  meetings 442         2,706 

County  project  committee  meetings 137         2,755 

Fann  Bureau  picnics 50       89,915 

Observation  tours 57         2,505 

Other  Farm  Bureau  organization  meetings         706       42,197 

In  21  counties  there  were  95  extension  schools  held  with  a  total  attendance 
of  13,141 ;  in  28  counties  1,256  farmers'  institutes  were  held  with  an  attendance 
of  12,5991  The  total  number  of  the  different  kinds  of  meetings  held  was 
8,682  with  an  attendance  of  347,353. 


c  by  Google 


STATE  BOARD  OP  AQBICULTOML 

BTATISnCAL  BUMUAKT. 
FraiJiiIy  1. 1V20  to  Jiua  30,  IIII. 


July. 

Ancnt. 

Sq^uibot 

Oelober. 

Ni>vaib» 

DcHmtxr 

Toub. 

(7 

M 

« 

„ 

» 

» 

SI3H 

t.<a» 

«:«»7 

<I.4M 

t,41S 
R.49a 

«4M 

elou 

I3,DD3 

iii 

M.I07 
ll.UO 

7«3 

Jl" 

7,013 

m 

£;4IS 

%;ir^ 

1.IJ7 

70 

'1 

,.s« 

■1 

3i 

si 

i2,«a7 

«0 

1,«S 

7 

!7! 
11, »« 

.i 

3M 

la.tiM 

g"* 

j;s!« 

1 

14,aM 

' 

iuiory. 

Ftbiwy. 

UuoL 

AiirU. 

wv- 

JUM, 

TbUIi. 

m 

« 

« 

90 

01 

go 

ia,3« 

BOOM 
50.7»0 

..a 

77» 

7;mi 

8. BBS 

W,77e 

MS 

e,>ga 

a,OM 

7.8IS 

«'S7» 
'473 
8.030 

499M 
4,073 
'204 

S=^::;:::::::::::::::: 

S 

1 

(83 
37,71J 

s 

20,081) 

7«0 
t.Ul 

1 

IS,«30 

48 

i.aot 

M.077 

..a 
J 

1S,7M 

"TSS^: 

cb,  Google 


EXPERIMENT  STATION  REPORTS. 


HOME  DEMONSTRATION  AGENT  WORK. 


During  the  year  11  counties  cooperated  with  the  College  in  the  employment 
of  home  demonstration  agents.  This  is  a  larger  nimiber  than  had  previously 
been  employed  on  regular  funds.  During  the  war  while  the  total  salary  was 
piud  from  emergency  funds,  a  larger  number  of  agents  were  at  work. 

Each  home  demonstration  agent  is  a  permanent  resident  of  her  county 
and  gives  all  her  time  to  service  among  the  women  of  the  county.  Her  work 
includes  demonstrations  and  personal  assistance  regarding  nutrition,  clothing, 
household  management,  interior  decoration,  poultry,  girls'  garment  and 
canning  clubs,  and  home  accounts.  Her  whole  work  while  dealing  with  these 
details  is  aimed  at  the  broader  purpose  of  stronger  people,  better  homes  and 
better  communities. 
Foods. 

Food  work  has  not  followed  the  old  line  of  cooking  lessons  and  distribution 
of  recipes.  Instead  of  this  the  latest  information  on  nutrition  and  diet  has 
been  given  through  food  study  classes,  school  feeding  demonstrations  and 
milk  campaigns.  This  instruction  has  included  selection,  preparation  and 
care  of  foods,  planning  of  meals,  and  diet  for  children,  and  to  meet  special 
needs.  This  work  is  being  given  strong  support  by  many  pubhc  agencies 
such  as  Red  Cross,  churches,  newspapers,  libraries,  women's  clubs,  granges  and 
by  the  general  public. 

Three  rural  milk  campaigns  were  carried  on.  During  these  campaigns 
the  specialist  gave  65  lectures  to  a  total  of  4,293  people.  A  very  decided 
increase  in  the  consumption  of  milk  followed  these  campaigns,  one  dealer  in 
a  small  town  reporting  an  increase  of  34%  in  his  sales;  another  reported  sales 
increased  from  50  quarts  daily  to  70  quarts  daily,  and  this  in  a  community 
where  there  was  much  unemployment.  Because  of  the  greater  use  of  milk, 
children  have  gained  in  weight,  have  acquired  more  life  or  energy,  and  have 
gained  higher  marks  in  their  studies  according  to  reports  from  teachers. 
Adults  as  well  as  children  have  also  been  physically  benefited  by  the  use  of 
milk  in  the  diet. 

Besides  the  talks  given  in  milk  campaigns  the  specialist  gave  47  food  talks 
reaching  3,191  people.  Much  time  was  also  given  to  assisting  the  traveling 
clinic  of  the  State  Board  of  Health  at  which  time  assistance  was  given  to 
mothers  in  planning  diets  for  special  cases.  These  included  principally  diets 
for  underweight  and  tuberculosis. 

Nutrition  clinics  have  been  conducted  by  several  of  the  home  demonstra- 
tion agents  with  malnourished  children.  There  is  a  growing  demand  for  this 
work.  The  mothers  of  under-nourished  children  are  asking  for  the  home 
demonstration  agents  and  speciahst  aid,  and  several  home  demonstrations 
have  been  established, 
Chtking. 

During  the  year  the  extension  clothing  specialist  has  worked  directly  with 
the  agents  in  the  preparation  of  subject  matter  and  illustrative  materials. 
The  dress  form  has  been  featured  by  popular  demand.  Demonstrations  in 
dress  form  making  have  been  given  to  organized  groups  and  much  effort  has 
been  given  to  the  organization  of  the  group  to  make  it  permanent  as  a  means 
of  promoting  other  lines  of  work.  It  is  estimated  that  2,500  of  these  forms 
have  been  made  since  December  1,  1920.  This  work  is  not  only  important, 
as  a  dress  making  aid  but  because  it  emphasizes  the  health  side  of  clothing 
work  and  calls  attention  to  proper  posture  and  correct  fitting  of  corsets  and 
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shoes.  Since  December  1st,  111  dress  form  demonstrations  have  been  super- 
vised by  the  clothing  specialist.  At  these  meetings  465  women  were  trained 
to  make  the  fonns  and  are  now  teaching  others.  In  each  county  having  an 
agent  approximately  200  forms  have  been  made,  making  a  total  of  2,500. 
The  forms  are  worth  at  least  $10.00  each. 

Millinery  is  being  given  more  attention.  One  class  has  saved  the  women 
of  one  community  $105.78.  One  afternoon's  work  by  the  specialist  from  the 
College  and  the  agent  saved  the  women  $47.50  besides  the  fact  that  they  were 
tnuned  to  do  these  same  things  in  the  future.  Eleven  millinery  clinics  have 
been  conducted  with  a  total  attendance  of  238,  each  attendant  renewing  at 
least  one  hat  with  increased  value  of  from  three  to  five  dollars. 
Household  Managemerd. 

The  service  offered  in  household  management  aims  to  make  house  work 
in  Michigan  farm  homes  easier  and  more  ef&cient.  This  is  done  through  better 
planning  of  the  work,  better  arranged  kitchens  equipped  with  modem  devices. 
Service  is  also  given  in  home  accounting  with  the  intention  of  developing  a 
better  planned  expenditure  of  income  in  the  interests  of  the  life  of  the  family. 
During  the  winter  months  ten  kitchens  were  rearranged  and  equipped.  A 
lai^e  number  of  home-made  fireless  cookers  have  been  made  under  the  super- 
vision of  the  specialist  and  agents.  Approximately  sixty  pressure  cookers 
have  been  purchased  as  a  means  of  saving  time  in  cooking  and  canning. 

At  the  present  time  groups  of  women  in  21-  counties  are  keeping  accounts 
and  a  record  of  the  family  living  coming  from  the  farm.  Visits  are  made  to 
each  group  every  three  months  to  discuss  further  problems  of  accounting 
and  budgeting. 

Home  convenience  campaigns  are  conducted  in  the  various  counties  cul- 
minatii^  in  a  home  convenience  tour  when  the  new  things  are  inspected  by 
those  interested.  Lectures  and  illustrative  material  are  used  hberally 
throi^hout  the  State,  and  results  from  this  efEort  are  never  available  in  definite 
figures. 

BOTS'  ANn  GIBLS'  CLUBS. 

In  club  work  emphasis  has  been  placed  upon  the  organization  of  local  boys' 
and  girls'  clubs,  each  with  a  local  leader  through  which  the  ^ricultural, 
educational  and  social  program  of  the  Extension  Service  might  be  carried  on. 
The  policy  of  cooperating  with  the  counties  in  the  employment  of  full  time 
county  club  leaders  has  been  extended  into  eleven  counties.  In  24  other 
counties  pwd  club  leaders  for  periods  less  than  12  months  have  been  employed. 
In  addition  to  these  paid  leaders  there  were  1,127  local  volunteer  club  leaders. 

Cooperation  in  the  promotion  of  this  work  has  been  very  generous  from  a 
large  number  of  sources.  Among  these  might  be  mentioned  The  Michigan 
Crop  Improvement  Association,  The  State  Bankers'  Association,  The  Mich- 
igan Potato  Growers'  Exchange ,  The  Michigan  Bean  Jobbers  Association ,  the 
Michigan  State  Fair,  The  West  Michigan  State  Fair,  Boards  of  Supervisors, 
Womens'  Clubs,  Farm  Bureaus,  Boards  of  Education,  Development  Bureaus, 
Teachers'  Associations,  together  with  a  large  number  of  commercial  concerns. 

State  and  county  training  schools  have  been  held  for  the  purpose  of  devel- 
opit^  club  leaders.  Four  state-wide  training  schools  have  been  conducted 
in  Grand  Rapids,  Kalamazoo  and  East  I^nsing.  Twelve  county  schools 
were  held.  Through  an  arrangement  with  the  Department  of  PubUc  Instruc- 
tion, a  course  in  Club  Leadership  was  presented  in  19  of  the  County  Normal 
Tnuning  Classes.  Two  hundred  forty-six  prospective  club  leaders  received 
trainii^  in  club  leadership  in  this  way.    Clulw  have  been  organized  in  fifteen 
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projects.    The  names  and  yearly  record  of  work  in  these  projects  are  ^ven 
in  the  following  table : 

SUMMARY  OF  PROJECT  RESULTS. 
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The  Third  Annual  Boys'  and  Girls'  Club  Week  was  held  at  the  CoUe^. 
Only  those  Club  members  who  had  won  state  or  county  championships  in 
their  various  projects  were  eligible  to  attend.  One  hundred  thirty-three  club 
champions,  togetherwiththeir  leaders, representing  26  counties, werein atten- 
dance during  the  week.  The  First  Annual  Club  Week  for  Northern  Peninsula 
club  members  was  held  at  the  Experiment  Station,  Chatham,  in  August.  One 
hundred  winners  of  state  and  county  championships  attended  this  club  camp. 
Sckolarskipa. 

In  accordance  with  action  taken  by  the  State  Board  of  Agriculture,  scholar- 
ships at  Michigan  Agricultural  College  were  awarded  to  winners  of  state 
club  championships.  Several  of  these  winners  are  now  students  at  Michigan 
Agricultural  College.  Scholarships  to  the  16  weeks'  short  course  were 
awarded  to  the  all  around  club  champion  in  each  county  in  which  organized 
boys'  and  girls'  club  work  was  done.  Several  of  these  winners  enrolled  for 
the  short  courses  during  the  winter, 

FARM  CROPB. 

The  best  established  extension  projects  iu  Farm  Crops  are  based  on  the 
introduction  in  a  lai^e  way  of  improved  crops  varieties  developed  at  the 
Michigan  Elxperiment  Station,  Efficient  introduction  is  accomplished  through 
the  Michigan  Crop  Improvement  Association,  an  organization  of  farmers 
who  are  interested  in  growing  improved  high  yielding  varieties.  These 
growers  are  provided  with  pure  seed  from  the  Experiment  Station  increase 
fields,  which  is  grown  under  a  system  of  careful  field  and  bin  inspection,  for 
sale  under  certification.  The  Michigan  Crop  Improvement  Association  is 
closely  associated  with  the  Farm  Bureau  seed  department. 

This  organized  varietal  distribution  project  has  proven  of  great  effective- 
ness. Ninety  per  cent  of  the  rye  iu  the  State  of  Michigan  is  Rosen,  first  dis- 
tributed from  the  Experiment  Station  in  1912,  or  near  Rosen,  and  for  the  first 
time  Michigan  ranks  first  as  a  rye  state.    In  six  years'  work  the  Robust  bean 
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has  become  the  leading  white  pea  bean  variety.  Wolverine,  Worthy  and  Col- 
lege Success  oats  are  the  best  known  varieties  in  the  State.  Nearly  all  of  the 
Smooth  Awn  barley  is  sold  annually  for  seed.  These  varieties  are  ail  associa- 
tion varieties  secured  from  the  Michigan  Experiment  Station.  This  developed 
machinery  is  proving  ideal  for  the  quick  increase  on  safe  grounds  of  the 
Hubam  clover. 

Assistance  bos  been  given  to  the  county  agents  in  working  out  definite 
crops  for  each  county.  During  the  past  year  special  attention  has  been 
given  to  exhibits  both  in  the  State  and  at  the  International  Grain  and  Hay 
Show.  Thirty-two  counties  have  asked  for  special  exhibits  in  addition  to  the 
two  State  Fairs. 

The  variety  demonstrations  held  at  many  points  throughout  Michigan, 
pave  the  way  for  the  safe  introduction  of  high  yielding  varieties  or  new 
crops.  These  demonstrations  not  only  add  greatly  to  information  regarding 
crops,  but  are  used  repeatedly  by  county  agents  as  field  demoustrattona 
and  are  the  object  of  numerous  field  trips. 

The  Michigan  Crop  Improvement  Association  continues  to  be  a  very  active 
arm  of  the  Farm  Crops  Extension  Service  in  Michigan  in  raising  the  seed 
standards  and  furnishing  a  supply  of  seeds  of  superior  and  Adaptable  varieties. 
Through  the  cooperation  of  the  Farm  Crops  department.  State  Farm  Bureau, 
county  agents  and  cooperative  elevator  managers,  the  Association  is  serving 
nearly  every  section  of  the  State,  and  in  addition  to  Michigan  farmers  it  is 
in  direct  contact  with  many  farmers  of  New  York,  Pennsylvania,  Indiana, 
Illinois,  Nebraska,  Minnesota,  Wisconsin,  Alberta,  etc. 

The  membership  of  the  Association  is  somewhat  larger  than  last  year  with 
a  total  of  712  registered  seed  farms  which  are  located  throughout  the  agri- 
cultural sections  of  the  State. 

The  efficiency  of  these  seed  farms  and  the  quality  of  their  product  was 
clearly  demonstrated  at  the  1920  International  Grain  and  Hay  Show  held  at 
Chicago.  In  competition  with  the  United  States  and  Canada,  members  of 
the  Michigan  Crop  Improvement  Association  won  the  first  twenty-eight  prizes 
offered  in  the  rye  class  and  fourteen  of  the  first  twenty  prizes  in  the  soft 
winter  wheat  class.  In  addition  to  these  several  prizes  were  won  in  oata, 
soy-beans,  barley,  etc. 

In  February  the  Farm  Crops  department  of  the  Michigan  Agricultural  Col- 
lege distributed  1 ,598  pounds  of  the  Hubam  Clover  (Annual  White  Sweet  Clo- 
ver) to  580  members  of  the  Association  to  be  grown  for  seed  purposes  under  the 
supervision  of  the  department,  and  in  accordance  with  the  regulations  of  the 
Association.  At  the  present  time  there  are  1,200  acres  of  the  crop  growmg 
in  Michigan  which  will  furnish  seed,  the  origin,  purity  and  quaUty  of  which 
are  known  and  will  be  certified  and  guaranteed. 

The  widespread  use  of  Rosen  Rye  of  high  purity  has  played  a  fundamental 
part  in  advancing  Michigan  from  the  fourth  place  to  the  first  place  in  the  rye 
production  of  the  United  States,  Improvement  is  being  made  with  Rosen  seed 
by  the  adoption  of  the  head  selection  practice.  This  year  eight  growers 
followed  this  system  with  the  result  that  there  are  now  1,700  bushels  of  seed 
available  for  planting  this  fall  which  in  accordance  with  the  past  results 
should  yield  five  to  ten  bushels  more  per  acre  than  even  the  best  of  registered 
Rosen.  It  is  thought  that  this  seed  placed  on  Michigan's  half  nullion  acres 
-•-.Mmually  devoted  to  rj-e,  will  produce  an  increase  in  production  of  two  millio« 
BUfthels. 

In~l^  nearly  ten  thousand  pounds  of  alfalfa  seed  were  placed  in  fanners' 
hands  tKrougliout  the  State  for  demonstrational  purposes.    The  results 
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were  so  Btrikiug  that  in  the  spring  of  1921  eome  100,000  pounds  of  pure 
northern  grown  Grimm  Alfalfa  seed  were  sold  to  Michigan  farmers  through 
the  State  Farm  Bureau  seed  department.  It  is  believed  that  the  alfalfa 
seed  demonstrations  have  accomplished  a  great  deal  for  Michigan  agricul- 
ture in  that  they  have  brought  about  the  success  of  thousands  of  acres  of 
excellent  alfalfa  stands,  the  value  of  which  is  inestimable. 

The  soy-bean  demonstrations  have  added  much  impetus  to  the  soy-bean 
production  this  year,  especially  to  the  growir^  of  the  superior  varieties  and 
to  the  producing  of  pure  seed  of  the  same. 

Farmers  in  general  are  anticipating  the  planting  of  an  exceptionally  lai^e 
acreage  of  soy-beaxis  next  year  due  to  the  failure  of  their  clover  seedings  this 
year.  In  that  Michigan  is  now  producing  a  large  acreage  of  pure  seed  of  the 
best  adapted  varieties,  it  is  thought  that  the  extension  service  rendered  with 
soy-beans  will  prove  to  be  of  considerable  value  to  our  farmers  next  spring. 
This  year  the  Farm  Bureau  seed  department  found  that  a  great  per  cent 
of  clover  seed  produced  in  Michigan  is  not  of  the  desired  high  quality, 
consequently  every  effort  is  being  made  to  raise  the  standards  of  the 
growers  by  encouraging  the  eradication  of  weeds,  preparation  of  good  seed- 
beds, and  the  use  of  lime  and  acid  phosphate. 

It  is  impossible  to  measure  the  extent  of  interest  in  much  of  the  field  work, 
as  these  demonstrations  are  teachers  whose  lessons  are  constantly  being  spread 
■  in  the  conversations  of  the  many  interested  persons  who  visit  them. 

In  order  to  more  fully  emphasize  the  lessons  which  the  various  demonstra- 
tions teach,  special  farm  crops  tours  are  being  planned  in  cooperation  with 
county  agents.  On  these  tours  farmers  will  visit  the  various  fields  in  groups 
while  the  extension  specialist  explains  the  purposes  and  results  of  the  demon- 
stration. One  county  tour  has  already  been  held  and  seven  more  are  sched- 
uled for  the  summer.  Demonstrations  emphasized  are  seed,  forage,  and 
green  manuring  uses  of  Hubam  clover,  variegated  and  common  tj-pes  of 
alfalfa,  alfalfa  cultural  methods,  sweet  clover  for  hay  and  pasture,  variety 
tests  and  demonstrations  of  pedigreed  grains,  demonstrations  of  com  improve- 
ment by  the  ear-to-row  method,  etc. 

Considerable  time  has  been  spent  in  conference  with  county  agents  in  plan- 
ning yearly  crops  programs,  and  particularly  in  carrying  the  methods  of 
experienced  agents  to  those  just  beginning  work. 

Great  emphasis  has  been  laid  upon  education  by  means  of  crops  exhibits. 
Large  crops  displays,  educational  in  nature,  and  with  one  or  two  members  of 
the  Farm  Crops  department  in  attendance,  were  shown  at  the  State  Fair, 
Detroit,  the  Western  Michigan  Fair,  Grsind  Rapids,  the  International  Grain 
and  Hay  Show,  Chic^o,  and  Farmers'  Week  at  M.  A.  C.  It  has  been  the  aim 
to  emphasize  some  important  phase  of  crops  work  in  these  displays  by  high 
quality  material,  enlarged  photographs  and  a  few  short  but  emphatic  signs. 
Large  detailed  charts  have  been  avoided  as  expensive  and  unattractive  to 
the  great  majority  of  people  who  visit  these  fairs,  and  must  of  necessity  receive 
their  impressions  hurriedly.  In  addition  to  the  large  displays,  fourteen 
county  fairs  were  served  with  smaller  exhibits  emphasizing  the  importance  of 
pedigreed  seed. 

During  the  coming  season  large  education  displays  will  again  be  shown  at 
Detroit,  Grand  Rapids,  Chicago  and  M.  A.  C,  and  the  work  with  county 
fairs  will  be  greatly  enlareed.  Already  plans  for  exhibits  are  under  way  to 
meet  the  needs  of  thirty-four  county  fairs  which  have  requested  them. 

Last  spring  a  start  was  made  in  com  improvement  work  throughout  the 
State  by  the  ear-to-row  method.    The  difficulty  has  been  to  get  improved 
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seed  com  near  enough  at  hand  to  meet  the  local  climatic  conditionB.  So  the 
work  of  improvement  is  being  carried  to  the  community  itself  by  improving 
the  best  com  to  be  fomid  there  by  this  method  of  selection.  Thirt«en  of 
these  ear-to-row  demonstrations  were  planted  this  spring,  rani^g  from  Man- 
istee county  on  the  north  to  the  southern  boundary  of  the  State.  One 
demonstration  on  the  time  of  seeding  rye  is  being  conducted  in  Emmet 
county. 

To  demonstrate  the  merit  of  pedigreed  varieties  of  grain,  tests  have  been 
conducted  on  famis  located  in  various  parts  of  the  State.  In  these  demon- 
strations locally  grown  varieties  are  always  included  with  pedigreed  strains 
and  careful  comparisons  are  made.  Results  have  shown  that  in  nearly  every 
crop  except  com  one  or  more  pedigreed  varieties  have  out-yielded  the 
local  varieties.  A  continuation  of  these  demonstrations  will  make  it  pos- 
sible to  safely  recommend  varieties  adaptable  to  local  conditions. 

The  first  demonstrations  of  this  kind  were  conducted  in  1918,  when  five 
wheat  tests  were  planted.  This  has  .since  increased  to  include  oats,  barley, 
com,  field  beans,  soy-beans,  alfalfa  and  millet. 

Regional  tests  are  particularly  necessary  for  com.  It  is  planned  to  continue 
com  demonstrations  ulitil  safe  recommendations  can  be  made  for  each  belt 
of  counties  in  the  State. 

Barley  is  grown  largely  from  mixed  seed.     The  barley  demonstrations 
being  conducted  give  a   comparison  of  Michigan-2-row,  Michigan   Black    , 
Barbleas,  and  Wisconsin  Pedigreed  with  each  other  and  with  local  seed. 

Re^onal  demonstrations  are  also  conducted  for  wheat,  alfalfa,  soy-beans 
and  short  season  hay  crops.  All  demonstrations  are  used  as  centers  for 
summer  meetings  and  the  results  are  used  as  material  for  winter  schools. 

cow  TESTraO  ASSOCIATIONB. 

The  work  of  the  Extension  Specialist  in  Dairying  during  the  past  year  has 
consisted  chiefly  of  aiding  in  organizing  and  supervising  cow  testing  associa- 
tions, teaching  in  extension  schools  and  attending  general  comjnunity  and 
farm  bureau  meetings  at  which  dairy  problems  and  organizations  were 
discussed.  The  work  during  the  past  year  has  been  of  a  more  comprehensive 
nature  than  in  the  past,  not  being  confined  to  the  so-called  project  work  al- 
though interest  in  these  phases  of  the  work  has  been  very  good.  Michigan 
farmers  are  successfully  solving  many  of  their  problems  through  organization, 
and  an  attempt  has  been  made  to  make  the  dairy  extension  work  an  aid  to 
their  program.  The  Boys'  and  Girls'  Live  Stock  Club  work  has  maintained 
a  healthy  growth  and  has  served  to  make  the  dairy  extension  work  of  a 
broader  nature  and  more  effective  in  teaching  the  principles  of  dairying. 

July  1,  1920,  there  were  fourteen  cooperative  cow  testing  associations 
in  Michigan  with  a  membership  of  367  farmers  owning  4,093  cows. 

Eleven  cooperative  cow  testing  associations  were  active  in  Michigan, 
July  1,   1920,  and  were  as  follows: 

Kent  County  Cooperative  Cow  Testing  Association. 

West  Allegan  County  Cooperative  Cow  Testing  Association. 

Emmet  County  Cooperative  Cow  Testing  Association. 

Van  Buren,  No.  1  Cooperative  Cow  Testing  Association. 

Wayne  County,  No.  1  Cooperative  Cow  Testing  Association. 

Van  Buren,  No.  2  Cooperative  Cow  Testing  Association. 

Wayne  County,  No.  2  Cooperative  Cow  Testing  Association.        ,-.  . 

I^peer  County  Cooperative  Cow  Testing  Association.  ijo^cyLiOOQ  IC 
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Hillsdale  County  Cooperative  Cow  Testing  Association. 

Antrim  County  Cooperative  Cow  Testing  Association. 

Kalamazoo  County  Cooperative  Cow  Testing  Association. 

There  were  in  these  eleven  associations,  July  1,  1921,  235  members  owning 
2,785  coire. 

The  cow  testing  association  work  was  affected  quite  materially  by  the 
serious  decline  in  prices  of  dairy  products  during  late  winter  and  early  spring. 
Eight  of  the  associations  operating  last  year  have  discontinued  work.  Five  new 
associations  have  been  organized  and  four  of  the  old  associations  have  main- 
t^ned  their  organization  and  are  planning  to  start  again  when  conditions  are 
better  adjusted  and  the  farmers  feel  more  encouraged.  Part  of  these  will 
probably  start  this  fall.  The  need  for  this  work  is  greater  now  than  during 
the  past  two  years  when  almost  any  cow  would  pay.  Standards  of  produc- 
tion must  necessarily  be  raised  under  present  conditions  and  dairymen  are 
beginning  to  realize  it,  as  is  indicated  by  requests  for  information  and  help 
from  communities  desiring  to  organize. 

SHEEP  HUSBANDRY. 

Extension  work  in  sheep  husbandry  has  been  carried  on  durii^  the 
past  year  cooperatively  between  the  Bureau  of  Animal  Industry  of  the 
United  States  Department  of  Agriculture  and  the  Michigan  Agricultural 
College. 

The  purpose  and  aim  of  this  work  has  been  to  assist  sheep  men  of  the 
State  in  securing  and  disposing  of  suitable  breeding  stock,  to  teach  interested 
parties  the  best  methods  of  breeding,  feeding,  genera!  management  and  care 
of  the  flock;  to  call  to  the  attention  of  flock  owners  the  value  of  pure  bred 
rams;  to  collect  data  as  to  the  cost  of  production ;  and  to  advise  growers  of  the 
necessity  of  producing  clean  wool  of  good  length  and  staple  instead  of  so  much 
discount  wool  of  short  staple. 

The  Extension  Specialist  has  cooperated  with  the  Wool  Department  of 
the  Michigan  State  Farm  Bureau  in  their  efforts  to  secure  for  the  sheep 
men  of  the  State  a  satisfactory  market  for  their  wool.  A  number  of  the 
grading  stations  have  been  visited  and  the  educational  work  in  connection 
with  the  poohng  and  grading  of  wool  has  been  kept  at  the  front  at  all 
times. 

The  educational  work  has  been  taught  through  lectures  and  demonstra- 
tions, at  various  county  meetings,  extention  schools,  and  farm  visits,  most  of 
which  were  cooperative  with  the  county  agents. 

Very  Uttle  work  has  been  done  in  connection  with  the  Boys'  and  Girls' 
Sheep  Clubs,  but  it  is  the  hope  of  the  department  that  considerable  work 
can  be  done  along  these  lines  the  coming  year. 

Flock  ownere  are  keeping  record  books  for  yearly  sheep  management  and 
demonstration,  and  considerable  valuable  information  will  be  obtained  at  the 
completion  of  this  work.  The  object  of  this  work  is  to  draw  a  comparison 
between  the  methods  commonly  used  in  the  community,  with  those  which 
have  been  used  successfully  at  colleges,  experiment  stations  or  elsewhere. 

HORTICULTURE. 

This  project  was  without  a  leader  during  the  first  half  of  the  fiscal  year. 
During  the  winter  meetings  held  in  fruit  sections  it  was  made  clear  that  one 
of  the  important  questions  on  which  gruit  growers  needed  help  was  fertiliza- 
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tion  of  tree  and  small  fruits  covering  the  whole  question  of  tree  and  small 
fruit  cropping,  sod  mulching  in  connection  with  the  use  of  commercial  ferti- 
lizers, and  the  use  of  these  forms  of  plant  food  to  supplement  the  stable 
BoaDures.  Next  in  importance  has  been  the  problem  of  insect  and  disease 
control.  But  few  demonstrations  were  given  in  spraying.  Large  numbers 
of  pnming  demonstrations  were  asked  for  in  sections  where  little  spraying 
was  practiced,  and  spraying  was  far  more  important  than  pruning. 

Fertilizer  demonstrations  have  been  carried  on  largely  in  Berrien  and  Van 
Buren  counties,  but  some  demonstrations  have  been  put  on  in  sixteen  other 
counties. 

POTATOES  AKD  VEQETABLBB. 

The  main  purposes  in  view  in  promoting  potato  production  are  lower 
cost  of  production,  better  quality  of  seed  and  table  stock,  more  stable  market, 
greater  net  profit  to  growers  and  greater  value  per  dollar  for  the  consumer. 
The  method^  of  attaining  these  results  are,  hill  selection  of  seed,  planting 
seed  plots,  green  sprouting  of  seed,  seed  treatment  to  prevent  scab  and  scurf, 
comparative  tests  of  seed  from  various  sources,  use  of  fertiUzera,  closer  plant- 
ing on  fertile  soils,  spraying  with  Bordeaux  mixture  and  poison,  and  careful 
grading  and  storing. 

Ten  of  the  highest  yielding  strains  of  the  late  Petoskey  or  Russet  Rural 
potato  have  been  isolated  and  developed.  Over  1,000  bushels  of  this 
high  grade  seed  has  been  distributed  to  potato  growers  who  will  compare  it 
with  their  own  seed,  and  who  will  furnish  the  records  of  yield,  etc. 

The  Michigan  Potato  Producers'  Association  through  the  assistance  of 
the  Potato  Specialists  inspected  269  acres  of  potatoes  for  certification. 
Of  this  number  192  acres  passed  the  inspection  and  were  certified.  Ap- 
proximately 26,000  bushels  of  certified  potatoes  were  sold  during  the  year. 
The  primary  object  of  the  inspection  and  certification  service  is  to  im- 
prove the  quality  and  yield  of  the  potato  crop  in  Michigan  by  eliminating 
low  yielding  strains,  diseases,  and  undesirable  varieties  from  the  seed  stock. 

During  last  season  six  hundred  bushels  of  Michigan  certified  seed  potatoes 
have  been  placed  in  southern  Michigan,  Ohio,  Indiana,  Illinois  and  Iowa  in 
demonstration  plots.  Through  the  cooperation  of  the  Michigan  Potato 
Producers'  Association  careful  records  will  be  kept  of  each  plot.  The 
object  of  this  work  is  to  compare  the  Michigan  certified  seed  with  seed  from 
other  sources. 

In  connection  with  the  certification  work  131  strains  of  Russet  Rural  Eind 
Green  Mountait|  potatoes  are  being  tested  in  a  ten  acre  demonstration  plot 
in  one  of  the  southern  counties  of  the  State. 

Through  the  cooperation  of  the  Michigan  Potato  Producers'  Association 
ten  bushels  of  Select  Early  Ohio  and  Irish  Cobbler  seed  were  secured  from 
Minnesota  and  Wisconsin,  Ten  demonstration  plots  are  planted  with  this 
seed.  An  effort  is  being  made  to  develop  a  high  yielding,  disease  free  strain 
of  early  potatoes. 

A  variety  test  demonstration  consisting  of  29  varieties  is  planted  on  the 
horticultural  grounds  at  the  Michigan  Agricultural  College.  Through  the 
cooperation  of  the  county  agricultural  agents  over  20  seed  plot  demonstra- 
tions and  four  tuber-unit  plots  have  been  planted.  Four  seed  treatment 
demonstrations;  three  planting  date  tests  and  four  seed  cutting  demonstra- 
tions are  planted.  Five  fertiUzer  and  planting  distance  demonstrations  have 
been  started.  Six  spraying  and  three  dusting  demonstrations  are  being 
conducted. 
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The  Michigan  Potato  Producers  Association  cooperating  with  the  Exten- 
sion Specialists  will  inspect  this  year  approximately  1,100  acres  of  potatoes 
for  certification. 

BOIIS. 

The  Extension  schools  which  occupy  the  winter  season,  are  usually  held  in 
cooperation  with  the  county  agent.  The  problems  in  which  the  farmer  is 
most  interested  are  discussed  as  fully  as  time  will  warrant.  At  a  number 
of  meetings  samples  of  soils  and  marls  are  brought  in  by  farmers  and  simple 
tests  for  acidity  or  lime  contents  are  conducted,  explaining  where  equipment 
for  such  work  can  be  obtained,  the  reactions  of  tests  and  how  such  tests  can 
be  carried  on  by  the  farmer  under  field  conditions. 

The  summer  field  work  is  divided  into  two  divisions,  namely  the  carrying 
on  of  accurately  controlled  demonstration  plots  and  the  field  meetings  held 
on  such  demonstration  fields.  The  demonstration;  plots  consist  of  work  along 
the  following  lines:  the  use  of  commercial  fertilizers  of  different  kinds  and 
amounts  on  various  soil  types;  rate  of  application  of  manure  and  effect  of 
reinforcing  of  manures  with  phosphate ;  different  kinds  and  appUcations  of 
limes  and  marls;  the  effect  of  fineness  of  division  of  ground  limestone  as  cov- 
ering a  rotation;  the  use  of  various  crops  as  green  manure  crops  and  their 
period  of  duration  in  the  soil,  and  the  effect  of  tillage  operations  on  control  of 
moisture  and  crop  growth.  Accurate  records  are  kept  of  these  projects  not 
only  for  one  year  but  for  a  number  of  years.  Field  records  are  also  kept,  the 
yields  being  taken  by  the  field  man  rather  than  by  the  fanner  or  the  person 
with  whom  we  are  cooperating.  Field  meetings  are  usually  held  on  th« 
demonstration  plots  during  the  growing  season. 

New  work  on  different  soil  types  and  lime  and  fertilizer  treatment  on  the 
catch  and  growth  of  alfalfa  and  clovers,  as  well  as  fertilizer  demonstrations 
on  com,  have  been  the  principal  lines  of  new  work  undertaken  in  the  last  year. 

MUCK  CROPS. 

The  service  offered  to  owners  of  muck  soils  is  based  upon  the  fact  that  muck 
and  peat  soils  have  basic,  physical  and  chemical  factors  not  present  in  upland 
soils  and  consequently  present  different  problems.  The  phases  of  work  em- 
phasized have  been  the  determination  of  the  agricultural  adaptabilities  of 
muck  areas,  fertilizer  requirements  of  certain  crops  on  certain  types  of  muck, 
systems  of  farm  management  for  muck  lands,  and  problems  of  clearing, 
breaking,  tilling  and  draining  muck  lands. 

It  has  been  the  purpose  to  assemble  all  knowledge  and  experience  relating 
to  muck  problems  and  make  it  available  to  owners  of  muck  soils.  In  this 
effort  the  two  phases  of  muck  cropping  have  been  kept  in  mind  and  that  which 
applies  to  intonsive  culture  of  vegetable  crops  has  not  been  confused  with  the 
extensive  culture  of  general  farm  crops.  In  the  absence  of  experimental 
data  the  most  successful  experiences  of  the  best  farmers  have  been  depended 
upon,  and  supplemented  with  results  from  demonstration  tests  conducted 
cooperatively  with  them. 

In  general  phosphorus  and  potash  have  been  found  to  be  the  essential 
elements  necessary  for  high  limed  mucks;  while  lime,  nitrogen,  phosphorus 
and  potash  are  all  necessary  on  the  low  hmed  mucks. 

Because  of  its  m^nitude  and  need  for  help,  special  effort  has  been  given  to 
the  celery  industry.  Assistance  was  given  the  growers  in  the  choice  of  com- 
mercial fertilizers  in  regions  previously  depending  upon  Chicago  manure 
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supplies.  The  savii^  as  a  result  of  home  mixing  and  buying  the  right  ma- 
terials without  uitrogea  amounted  to  many  thousands  of  dollars. 

Southern  Michigan  and  Northern  Indiana  produces  75%  of  the  world  mint. 
Mint  is  a  muck  crop.  The  application  of  phosphorus  and  potash  increases 
the  percentage  of  oil  content.  This  fact  has  been  extended  through  demon- 
strations located  throughout  the  mint  area.  Assistance  was  pven  in  the 
formation  of  the  Miehigaji  Muck  Farmers'  Association.  This  organization  is 
composed  of  the  better  farmers  and  is  an  efficient  avenue  through  which 
information  is  extended  to  its  members. 

The  demonstrations  conducted  were  planned  and  carried  out  on  carefully 
laid  out  plots  upon  which  observations  could  be  made  throughout  the  season 
and  results  obtained  at  the  end  of  the  season.  The  conclusions  were  pointed 
out  to  those  who  attended  meetings  held  on  the  plots  to  observe  results.  In 
the  celery  area  the  main  facta  demonstrated  were  the  value  of  potash  and  that 
all  new  muck  will  not  grow  celery  without  manure  or  mineral  fertilizers,  and 
that  manure  is  not  essential  if  proper  commercial  fertilizer  is  used. 

In  the  Black  River  Valley  demonstrations,  the  main  principles  demon- 
strated were  the  value  of  potash  as  the  limiting  element;  the  first  resistant 
qualities  of  properly  fed  crops  of  sunflowers,  sweet  clover,  sugar-beets,  oats 
and  peas;  importance  of  rolling  muck  land;  that  sugar-beets  can  be  succera- 
fully  grown  on  muck,  and  that  root  crops  are  easily  grown  on  muck. 

FARM  MANAGEMENT  DEMONSTRATIONS. 

Farm  Management  extenaon  has  for  its  purpose  the 'securing  of  better 
organization  and  management  of  the  individual  farms,  and  helping  to  develop 
the  program  of  the  county  agricultural  agents  along  sound  economic  lines. 
The  basis  of  the  work  is  the  financial  records  which  farmers  are  influenced  to 
keep  and  helped  to  analyze. 

During  the  year  the  work  was  carried  on  in  cooperation  with  county 
farm  bureaus,  granges  and  farmers'  clubs.  Farm  accounting  classes  were 
conducted  in  cooperation  with  33  county  agents.  The  State  Grange  ap- 
pointed a  committee  on  accounting  to  cooperate  with  the  College  in  tins 
work.  Through  this  committee  1,100  account  books  were  distributed  to 
members  of  local  granges.  A  set  of  follow-up  questionnaires  were  devised, 
and  sent  out  to  grange  cooperators  and  from  their  replies  cost  data  was 
secured  on  several  important  crops. 

The  account  book  was  revised  and  3,000  copies  of  the  new  edition  have 
already  been  distributed. 

INSECT  CONTBOL. 

The  season  was  largely  occupied  from  May  until  September  with  a  grass- 
hopper invasion  which  covered  about  half  of  the  State.  Army-worms 
occupied  our  entire  attention  for  about  two  weeks  in  various  scattered, 
localities  in  the  State,  The  grape  leaf-hopper,  grape-berry  moth  and  rose- 
chafer  in  Van  Buren  and  Berrien  counties  all  received  attention  and  in  spite 
of  everything  that  we  couid  do  severe  losses  were  sustained. 

Hessian-fly  has  been  for  several  years  on  the  increase,  and  considerable 
effort  was  made  last  fall  to  aid  the  farmers  in  avoiding  loss  because  of  this 
pest.  Much  time  was  also  spent  in  searching  out  suspected  invasions  of 
European  corn-borer;  sod  web-worm  was  usually  found  in  place  of  this  more 
dreaded  pest.  Some  effort  was  expended  along  the  Une  of  lessening  the  loss 
due  to  codling-moth.    This  was  done  in  cooperation  with  the  E^riment 
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Station,  atao  the  same  is  true  in  regard  to  several  greenhouse  insects.  In 
the  southern  part  of  the  State  the  chinch-hug  demanded  some  attention  as 
also  did  the  leaf-hopper  on  potatoes  and  some  household  insects,  and  mill 
insects.  About  two  days  of  each  month  were  expended  in  an  effort  to  control 
the  flat-headed  tree-borer  in  cooperation  ^rith  the  Experiment  Station. 
ApicuUure. 

The  purpose  of  this  work  has  been  to  give  instructions  in  all  lines  of  bee- 
keeping, with  special  reference  to  disease  control.  This  instruction  has  been 
given  to  groups  of  beekeepers  when  possible,  botli  by  lecture,  conversation 
and  demonstration.  Special  effort  lias  been  made  to  give  instructions  in 
an  apisry  where  various  conditions  could  be  pointed  out,  and  su^estions 
made.  Those  present  have  often  seen  disease  for  the  first  time  at  sucli  meet- 
ings and  a  demonstration  of  its  treatment.  The  results  of  this  work  extend 
beyond  those  present,  for  when  one  man  in  a  neighborhood  teams  to  detect 
and  treat  disease,  to  use  better  methods,  his  neighbors,  learning  of  his  success, 
also  adopt  better  methods. 

During  the  winter  months,  one  and  two-day  beekeepers'  schools  were 
held  in  twenty-four  counties.  The  schools  held  early  in  the  season,  which 
was  especially  favorable  to  farm  interests,  were  not  largely  attended,  but  as 
the  season  advanced  the  attendance  and  interest  increased.  Even  a  small 
group  of  beekeepers,  giving  two  days  to  lectures  and  demonstrations  means 
better  beekeeping  in  that  county.  Miniature  appliances,  the  blackboard 
and  such  equipment  as  we  could  secure  from  local  beekeepers,  were  used  for 
demonstration.  In  several  places,  young  people  from  the  high  school  attended 
the  school.  This  suggests  that  some  time  of  the  specialist  could  very  profit- 
ably be  pven  to  such  schools  as  have  agricultural  instruction.  Tlus  could 
be  made  a  time  and  place  to  rally  the  local  beekeepers. 

This  has  not  been  so  much  a  year  of  organizing,  as  strei^hening  and  direct- 
ing the  activities  of  counties  already  organized.  One  county  has  been 
organized,  which  makes  thirty-six  counties  with  beekeepers'  oi^anizations. 
Other  counties  should  be  organized,  especially  in  the  north. 

Several  automobile  tours  have  been  made,  with  instruction  and  field  demon- 
strations along  the  way.  The  interest  taken  and  the  opportunity  will 
warrant  much  more  of  this  kind  of  work. 

HOUBEHOLD  BNGINEEBING  AND  DRAINAGE. 

The  drainage  work  which  has  been  carried  on  during  the  last  two  years 
in  St.  Clair  county  was  completed  last  year  and  has  already  shown  results. 
About  22  carloads  of  tile  were  shipped  to  that  county  this  last  winter  to  be 
put  in  this  spring,  where,  during  previous  years,  practically  no  tile  was  ever 
used  in  the  county.  Four  traction  ditching  machines  are  now  operating  in 
the  county.  The  demonstration  plots  have  produced  very  favorable  results 
agriculturally. 

Similar  work  haa  been  started  in  Sanilac  county  this  spring.  However, 
economic  conditions  are  somewhat  adverse  to  arousing  interest  in  this  work. 
The  price  of  tile  has  not  become  adjusted  to  the  prices  for  farm  crops  and  the 
farmer  is  naturally  somewhat  slow  to  purchase  tile  under  present  conditions. 
However,  three  or  four  demonstration  plots  have  been  lined  up  in  that  county 
and  one  meeting  has  been  held  and  we  expect  by  continuing  this  work  we  wiU 
arouse  more  interest  in  drainage.  ^ 

i.ocoy  Google 
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Household  ev^neering. 

Durii^  this  winter  and  spring,  a  model  of  our  septic  tank  has  been  devel- 
oped, and  ten  of  these  models  have  been  placed  with  coimty  agents.  It  is 
hoped  that  with  the  use  of  these  models  it  will  assbt  the  county  agents  in 
explaining  the  construction  and  operation  of  the  tank  as  well  as  asMst  those 
interested  in  building  a  tank.  It  is  the  plan  to  have  these  models  passed 
around  to  the  agents  as  they  have  occasion  to  use  them.  Already  they  have 
been  made  use  of  by  fourteen  of  the  county  agents.  Eleven  demonstration 
septic  tanks  were  constructed  and  about  200  plans  were  sent  out.  Plans 
were  also  prepared  for  a  number  of  water  systems  and  small  water  power 
plants. 

tlARKETINQ  ORGANIZATIONS. 

The  work  of  the  Markets  department  during  the  fiscal  year  was  continued 
along  the  line  of  the  policy  to  which  the  department  has  been  coounitted 
for  several  years.  This  policy  being  simply,  that,  in  response  to  Remand 
from  farmers  for  assistance  in  their  marketing  problems,  efforts  are  made 
to  organize  fanners  into  permanent  and  substantial  institutions  for  the 
piupose  of  undertaking  any  marketing  or  distribution  functions  which  they 
may  deem  desirable  or  necessary. 

This  work  may  be  divided  into  three  classes: 

(First)  Assistance  to  a  local  corporation  of  farmers  in  establishing  a  local 
cooperative  institution. 

(Second)  The  combining  of  these  local  organizations  into  state  or  district 
commodity  exchanges  for  the  purpose  of  taking  over  some  of  the  certain 
marketing  or  producing  functions  which  the  local  associations  have  in  com- 
mon. 

(Third)  The  working  out  of  a  comprehensive  plan  for  unitii^  and  har- 
monizing the  commodity  exchanges  in  the  State  through  the  Michigan  State 
Farm  Bureau  and  the  re-orgaiuzation  of  the  latter  in  order  to  assume  the 
coordinatii^  functions  of  the  commodity  exchanges  as  well  as  the  general 
state-wide  activities  for  which  the  Farm  Bureau  was  originally  intended. 

The  assistance  given  to  local  organizations  has  covered  practically  all 
types,  including  cooperative  elevator,  potato,  fruit  and  live  stock  associa- 
tions, cooperative  creameries  and  milk  shipping  and  distributing  associations. 
This  work  consists  in  the  formulation  of  the  proper  working  basis  or  by-laws, 
a  cardinal  feature  of  which  is  contractual  relations.  The  adequate  financing 
of  local  organizations  is  also  a  major  problem  in  the  solution  of  which  assist- 
ance from  the  Markets  department  is  being  continually  solicited.  The 
general  theory  of  cooperative  enterprises  in  contra-diatinction  from  capi- 
talistic types  of  organizations  is  given  important  consideration. 

The  Michigan  Potato  Growers'  Exchange  now  includes  approximately  120 
local  oi^ianizations  and  has  finished  its  third  year  of  successful  operation. 
This  organization  has  handled  a  large  percentage  of  the  potato  crop  of  Michi- 
gan and  is  without  question  the  most  important  factor  in  the  distribution  of 
that  crop.  The  institution  now  has  a  surplus  of  approximately  $70,000  and 
b  in  sound  financial  condition. 

The  Michigan  lAve  Stock  Exchange  now  consists  of  123  locals.  This  organi- 
zation has  thus  far  devoted  its  attention  principally  to  transportation  and 
rate  problems,  but  has  been  studying  carefully  the  sales  problem  in  receiving 
markets,  with  a  view  of  taking  over  the  sales  service  as  soon  as  the  directors 
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of  this  OT^anizatioQ  think  the  project  feasible.  An  effort  is  now  being  made 
to  organize  a  stock  company  for  the  purpose  of  goii^  into  the  comniission 
business  in  the  Detroit  market.  The  live  stock  sfcpmenta  from  cooperative 
organizations  now  greatly  outnumber  receipts  from  commercial  drovers. 
This  organization  is  slowly  maturing  and  is  already  a  substantial  factor  in 
the  protection  of  the  live  stock  interests  of  Michigan. 

The  Fruit  Growers  Organization  handled  a  very  large  volume  of  business 
during  the  last  season  and  considerable  progress  has  been  made  in  maturing 
the  present  cooperative  institution  toward  a  more  comprehensive  and  more 

Eowerful  organization.  Plans  for  the  reorganization  of  the  fruit  interests 
ave  been  carefully  studied  during  the  year.  These  plans  include  the  uniting 
of  the  grape  interest  with  the  peach  and  apple  growers'  oi^nizations  and  the 
still  further  organization  of  the  smaller  fruit  interests,  including  cherries, 
berries  and  other  bush  fruits.  To  these  three  divisions  a  still  further  project 
includes  the  oi^anization  of  district  wide  cann-ng  corporations  directly  associ- 
ated with  the  selhng  organizations  to  be  still  further  supplemented  by  cold 
storage  facilities  which  are  to  be  used  for  pre-cooling  and  for  temporary 
storage  for  tree  fruits.  Completion  of  this  project  would  place  the  Michigan 
fruit  interests  in  the  foreground  in  point  of  comprehensive  oi^anizations. 

The  principal  attention  of  the  Markets  department,  as  regards  commodity 
exchanges  has  been  devoted  to  the  completion  of  the  Michigan  State  Farm 
Bureau  Klevator  Exchange.  This  organization  was  started  during  the  year 
with  an  initial  membership  of  20  cooperative  elevators  and  now  has  a  total 
of  92  local  members,  with  prospects  of  a  total  of  100  or  over  before  the  next 
annual  meeting.  This  institution  was  like  the  Michigan  Potato  Growers' 
exchange  and  the  Michigan  Live  Stock  Exchange,  without  proto-types  and 
naturally  many  difficulties  were  encountered  in  setting  up  a  new  organiza- 
tion of  this  type,  for  which  there  were  no  precedents.  The  Elevator  Exchange 
is  now,  without  question,  the  largest  factor  in  handling  the  grain  of  the  State 
and  is  generally  considered  by  all  concerned  as  being  remarkably  successful. 
The  total  volume  of  business  for  the  month  of  June  was  approximately 
$600,000.  The  estimated  savings  for  cooperative  elevators,  on  the  basis 
of  its  present  volume,  is  approximately  S100,000  per  year. 

The  problem  of  developing  some  working  arrangement  between  the  Michi-' 
gan  State  Farm  Bureau  and  the  several  commodity  exchanges  in  the  State 
has  been  very  difficult  and  has  required  more  time  and  attention  than  all 
other  marketing  problems  in  the  State  combined. 

The  rather  unique  ambition  of  the  Michigan  State  Farm  Bureau  to  take 
on  extensive  economical  activities,  brought  it  into  more  or  less  direct  conflict 
with  the  commodity  exchanges  already  established,  due  to  the  co-extensive 
character  of  these  organizations.  The  farm  bureau  as  organized  in  Michigan, 
is  of  the  mass  type,  being  composed  of  all  farmers  without  regard  to  the  vari- 
ation of  their  agricultural  interests.  Its  government  is  based  on  representa- 
tion from  pohtical  divisions  or  counties. 

The  commodity  exchanges  on  the  contrary  are  combinations  of  local  associ- 
ations built  around  single  or  closely  related  commodity  interests.  These 
exchanges  correspond  largely  to  the  districts  or  sections  of  the  State  best 
adapted  to  certain  crops. 

As  the  Farm  Bureau  membership  is  co-extensive  with  the  management  of 
the  commodity  organizations,  conflict  would  be  inevitable,  provided  that 
some  plan  was  not  arranged  to  harmonize  Farm  Bureau  activities  with  the 
other  organizations. 
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The  following  plan  was  developed  which  has  for  its  purpose  the  uniting  of 
the  commodity  exchanges  with  the  Farm  Bureau,  allowing  each  exchange  to 
participate  in  the  management  of  the  Farm  Bureau  by  electing  or  nominat- 
mg  a  director  and  by  providing  that  these  exchange  directors  should  con- 
stitute a  majority  of  the  Board,  thus  assuring  a  unified  pohcy. 

The  economic  arrangement  provides  that  each  commodity  exchange  should 
have  complete  control  of  its  own  business  activities,  such  as  pertain  exclus- 
ively to  the  commodity  and  that  the  exchanges  should  turn  over  to  the  Farm 
Bureau  all  functions  that  are  state-wide  in  character  or  are  common  to  all 
farm  interests,  such  as  legislation,  traffic,  general  supplies,  includii^  feed, 
fertilizer,  etc.,  and  minor  agricultural  products. 

The  plan  was  adopted  at  the  last  annual  meeting  of  the  Farm  Bureau  and 
representation  on  its  government  body  was  anticipated  by  electing  com- 
mitteemen from  the  commodity  exchanges.  It  is  conceded  that  it  will  require 
another  year  before  this  plan  can  be  thoroughly  worked  out.  Further 
activities  of  the  Farm  Bureau  provide  for  reciprocal  relationship  between 
commodity  exchanges. 

During  the  year  increasingly  less  attention  has  been  devoted  to  the  organi- 
zation of  local  associations  by  the  Agent  in  Marketing  and  correspondmgly 
more  attention  to  problems  of  the  commodity  exchanges  and  the  Michigan 
State  Farm  Bureau. 

POULTRY  HUSBANDBT. 

The  state-wide  interest  and  enthu^asm  manifested  in  economic  poultry 
production  has  resulted  largely  from  poultry  culling  work  inaugurated  in  1917, 
and  maintained  as  the  major  extension  project  until  the  present  time. 

Poultry  culling  demonstrations  and  demonstration  farms  have  repeatedly 
shown  that  intelligent  culling  is  a  big  factor  in  economic  e^  production, 
thirty  per  cent  of  the  hens  maintained  on  our  Michigan  farms  are  unprofit- 
able. This  stupendous  wastage  can  easily  be  avoided  or  reduced  by  elimin- 
ating according  to  physical  tests  as  outhned  in  Extension  bulletin  No.  21, 
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The  folloTring  is  a  statistical  summary  for  the  year  as  reported  by  project 
leaders.  Duplications  are  unavoidable  where  more  than  one  worker  reports 
on  meetings. 

Number  of  farm  visits 18,566 

Number  of  demonstrations 745 

Attendance 17,973 

Number  of  lecture  meetings 5,930 

Attendance 321,882 

The  material  of  the  foregoing  report  is  quoted  largely  from  amiual  reports 
submitted  by  department  heads  and  extension  specialists. 
Very  truly  yours, 

R.  J.  BALDWIN, 

Extension  Director. 
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SWEET  CLOVER 


Circular  Bulletin  No.  46. 


C.  K.  MEGBE,  FASH  CHOPS  SECTION. 

Sweet  clover  is  rapidly  gaining  in  favor  in  Michigan  as  a  crop  for  build- 
ing up  soils  low  in  fertility  and  organic  matter;  also  for  pasturage,  hay,  and 
aH  a  seed  and  honey  crop.  When  properly  handled  it  furnishes  abundant 
pasturage  from  early  spring  until  late  fall  and  seldom  causes  bloat.  Though 
stock  may  not  at  first  take  readily  to  sweet  clover,  they  will  become  accus- 
tomed to  it  if  fed  no  other  forage  or  roughage  for  a  few  days.  On  account 
of  its  succulence  cattle  often  times  crave  dry  roughage  while  being  pastured 
on  this  crop. 

Sweet  clover  will  grow  on  soils  that  are  quite  low  in  fertility  and  deBcient 
in  organic  matter,  provided  they  are  well  supplied  with  lime.  For  this 
reason  it  is  one  of  the  best  crops  for  building  up  light  soils  or  poor  heavily 
cropped  soils  that  are  low  in  fertility,  whether  the  soil  is  light  or  heavy.  If 
used  as  a  green  manuring  crop  it  should  be  plowed  under  just  before  bloom, 
since  at  this  stage  the  plant  is  full  of  water  and  decay  will  be  rapid.  Sweet 
clover  as  a  green  manuring  crop  has  another  advantage  in  that  it  decays 
much  more  rapidly  than  do  many  other  crops  when  plowed  under. 

When  properly  handled,  sweet  clover  hay  contains  practically  as  much 
digestible  protein  as  alfalfa  and  more  than  red  clover.  The  quality  of  milk 
produced  when  the  hay  is  fed  to  cows  is  approximately  the  same  as  when 
other  legumes  are  used,  according  to  U.  S.  Farmers'  Bulletin  No.  820. 

The  yield  of  seed  secured  per  acre  is  quite  high  when  compared  with  alsike 
and  red  clover.  When  sown  broadcast  a  yield  from  three  to  five  bushels 
of  seed  per  acre  is  not  uncommon  and  when  drilled  in  32  inch  rows  yields 
of  from  8  to  10  bushels  are  sometimes  secured. 

Sweet  clovei"  has  long  been  recognized  by  bee-keepers  as  one  of  their  val- 
uable sources  of  nectar.  The  period  of  nectar  secretion  usually  follows  that 
of  white  and  alsike  clover.  The  honey  from  white  sweet  clover  is  light  in 
color  with  a  slight  green  tint  and  the  yield  is  heavy. 

VARIETIES  OF  SWEET  CLOVEB. 

There  are  four  important  varieties  of  sweet  clover.  The  white  biennial 
is  the  one  commonly  referred  to  as  "sweet  clover"  and  has  proven  much 
better  adapted  to  Michigan  conditions  than  either  the  yellow  biennial  or 
yellow  annual.  The  white  biennial  has  a  white  blossom,  an  upright  habit 
of  growth,  and  matures  seed  the  second  year.    The  yellow  biennial  has 
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yellow  blossonifi,  finer  stems,  is  much  more  decumbent  in  habits  of  growtb,- 
and  only  yields  from  one-half  to  two-thirdB  as  mucb  as  the  white  biennial. 
Seed  of  the  white  biennial  is  oftentimes  adulterated  with  seed  of  the  yellow 
biennial.  This  adulteration  may  be  distinguished  by  the  dark  purplish 
green  mottling  and  oftentimes  purplish  green  spots  on  the  seed  of  the  yeUow 
biennial.  The  yellow  annual  is  a  small  erect  growing  plant,  producing  seed 
the  first  season  and  should  not  be  sown  in  tiiis  State  because  of  the  very 
small  growth  secured.  The  seed  of  the  yellow  annual  is  much  smaller  tlian 
that  of  the  other  sweet  clovers. 

Seed  of  the  white  annual  or  '  'Hughes  Sweet  clover' '  (trade  name  Hubam 
Clover),  is  now  being  distributed  over  the  State  and  shows  promise  of  be- 
coming a  valuable  crop. 


Satisfactory  yields  are  very  seldom  secured  on  acid  soils.  Even  though 
the  stand  may  be  fair  at  first  the  plants  will  be  stunted  in  growth  and  but 
a  small  amount  of  hay  or  pasturage  secured.  When  the  soil  is  in  this  con- 
dition it  usually  requires  from  one  to  two  tons  of  ground  limestone  or  from 
two  to  three  cubic  yards  of  marl  to  secure  good  results. 

INOCULATION. 

Since  inoculation  enables  the  plant  to  make  use  of  atmospheric  nitrogen 
it  is  very  important  to  inoculate  on  soils  low  in  organic  matter  and  nitrogen. 
There  are  several  different  methods  of  inoculation.  The  pure  culture  and 
soil  methods  are  the  simplest  and  easiest  to  apply.  Pure  culture  may  be 
secured  from  the  Department  of  Bacteriology,  Michigan  Agricultural  Col- 
lege, East  Lansing,  Mich.  The  price  is  twenty-five  cents  per  bottle  and  one 
bottle  is  sufficient  for  a  bushel  of  seed.  Directions  for  application  accom- 
pany the  bottle. 

When  it  is  not  possible  to  secure  the  pure  culture,  very  good  results  are 
usually  obtained  by  the  soil  method.  Dissolve  one  and  one  half  ounces  of 
carpenter  glue  in  a  quart  of  water  and  sprinkle  over  the  seed  which  has  been 
spread  out  on  a  smooth  floor.  Stir  the  seed  and  then  scatter  over  the  seed 
about  a  quart  of  soil  that  has  been  recently  obtained  from  a  sweet  clover 
or  alfalfa  field  where  the  roots  have  an  abundance  of  nodules.  Inoculation 
may  also  be  made  by  broadcasting  from  two  hundred  to  three  himdred 
pounds  of  surface  soil  taken  to  a  depth  of  three  inches  from  a  well  inoculated 
field  of  sweet  clover  or  alfalfa.  The  soil  should  be  applied  on  a  cloudy  day 
or  in  the  evening  and  immediately  harrowed  in. 


A  greater  growth  and  more  lasting  stand  is  usually  secured  by  seeding  in 
the  early  spring  on  a  well  compacted  seed  bed.  Loose  seed  beds  are  responsible 
for  many  failures.  Sweet  clover  may  be  seeded  in  the  early  spring  on  fall 
sown  rye  or  wheat,  or  seeded  with  barley  or  oats.  Only  three-fourths  of 
the  usual  amount  of  oats  or  barley  should  be  sown  when  used  as  a  nurse  crop. 
From  12  to  15  pounds  of  scarified  sweet  clover  seed  per  acre  is  usually  siu- 
ficient  to  give  a  good  stand.  Scarification  is  important  because  the  seed 
coat  of  the  sweet  clover  seed  is  quite  impervious  to  water  and  retards  germi- 
nation. From  16  to  IS  pounds  of  unscarified  seed  or  from  22  to  24  pounds 
of  unhulled  seed  is  usually  sufficient  to  secure  a  stand. 
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On  heavy  fertile  soils,  sweet  clover  when  seeded  at  the  same  time  as  the 
oats,  sometimes  makes  sufficient  growth  to  make  difficult  the  curing  of  the 
grain.  On  this  type  of  soil  it  is  advisable  to  seed  the  sweet  clover  two  weeks 
later  than  the  oats. 

HARVESTING  FOB  HAT, 

The  stage  of  growth  at  which  sweet  clover  is  cut  has  a  great  influence 
upon  the  quality  of  hay  secured.  It  should  be  cut  just  before  the  blossom 
buds  appear.  After  this  stage  sweet  clover  becomes  very  woody,  the  leaves 
fall  ofE,  and  a  very  poor  quality  of  hay  results.  When  grown  alone  on  fertile 
soils  it  is  sometimes  possible  to  secure  a  crop  of  hay  the  first  season.  The 
only  precaution  necessary  is  to  cut  early  enough  so  that  approximately 
from  four  to  six  inches  growth  will  be  made  for  winter  protection. 

The  time  and  heighi  of  ciiitiiig  is  very  importavi.  Sweet  clover  does  not 
propagate  the  second  year  from  a  crown  as  does  alfalfa,  but  propagates 
from  buds  in  the  axils  of  the  leaves  on  the  lower  portion  of  the  stalk.  Con- 
sequently if  the  first  cutting  is  made  below  the  yoimg  branches  which  bear 
the  leaves,  a  second  crop  will  not  be  secured.  If  the  cutting  is  made  just 
before  the  blossom  buds  appear  the  proper  height  will  be  about  six  inches, 
if  however  the  plants  are  allowed  to  come  into  bloom  it  will  be  necessary  to 
cut  ten  or  twelve  inches  high  in  order  that  a  second  crop  may  be  secured. 
If  a  ten  inch  stubble  is  desired  it  will  be  necessary  to  replace  the  shoe  soles 
of  the  mower  with  higher  soles  which  may  be  made  of  strap  iron  at  any  black- 
smith shop. 

HARVESTING  FOR  SEED. 

The  best  implement  to  use  in  harvesting  sweet  clover  for  seed  will  depend 
upon  the  growth  made.  If  the  growth  is  not  too  rank  and  heavy,  the  grain 
binder  may  be  used.  However,  if  very  rank  the  com  binder  will  give  better 
satisfaction.  A  three  foot  swath  may  be  cut  with  the  com  binder  by  placing 
ten  inch  extensions  upon  the  dividers.  The  mowing  machine  causes  great 
loss  through  shattering  and  is  not  satisfactory.  A  sweet  clover  plant  does 
not  mature  all  of  its  seed  at  one  time;  consequently,  the  proper  s^ge  to  cut 
is  when  three-fourths  of  the  seed  pods  have  turned  brown. 

Sweet  clover  may  be  threshed  with  the  ordinary  grain  thresher.  If  very 
dry  most  of  the  seed  will  be  hulled;  if  slightly  damp  but  very  few  seed  will 
be  hulled.  When  the  grain  thresher  does  not  remove  the  hull  it  may  be 
hulled  with  a  clover  huller  or  scarifier.  Due  to  the  greater  capacity  of  the 
grain  thresher  it  is  better  adapted  for  threshing  sweet  clover  than  the  clover 
huller. 
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HUBAM  CLOVER 

(Hugbea  Aimual  White  Seed  Clover} 


Circular  Bulletin  No.  45. 


J.  F.  cox,   F.  A.  SPRAOG  AND  E.  B.  DOWN,  FARU  CROP  SECTION. 

Great  interest  is  being  taken  in  the  new  annual  white  sweet  clover.  Judg- 
ing by  results  secured  at  the  Michigan  Agricultural  College  and  at  various 
points  over  the  State,  this  new  crop  may  become  of  importance  in  Michigan 
as  a  Bhort  season  hay  and  pasture  crop  and  as  a  crop  to  use  in  soil  improve- 
ment. It  is  apparently  well  adapted  to  growing  on  light  loams  and  may  be- 
come a  valuable  crop  on  Michigan  sandy  loAma  and  light  loams  deficient 
in  organic  matter.  Bee  men  are  also  interested  in  the  honey  possibilities  of 
this  crop. 

The  possible  agricultural  value  of  the  annual  white  sweet  clover  was  first 
seen  by  Professor  H.  D.  Hughes  of  the  Iowa  Experiment  Station,  who  noticed 
annual  plants  in  seed  of  sweet  clover  secured  from  Alabama.  Mr.  J.  W. 
Nicolson  with  approval  of  Professor  Hughes  suggests  the  name  "Hubam" 
as  appropriately  recognizing  the  discoverer  and  the  source. 

In  1918  Professor  Hughes  sent  the  Michigan  Agricultural  College  a  small 
envelope  containing  100  seeds.  This  small  amount  was  carefully  increased. 
Enough  seed  was  produced  in  1919  to  plant  five  and  one-half  acres  at  the 
Michigan  Agricultural  College,  and  a  like  acreage  at  various  points  over  the 
State  durii^  the  past  season  (1920).  The  college  increase  yielded  approxi- 
mately eight  bushels  per  acre. 

The  G.  R.  &  I.  Sub-station  at  Howard  City  on  a  light  sandy  loam  three- 
fourths  of  an  acre,  gave  a  yield  of  slightly  over  10  bushels  of  unhulled  seed, 
which  cleaned  to  three  bushels  per  acre.  On  the  farm  of  Mr.  Olaf  Nelson 
of  Aloha,  Cheboygan  county,  an  acre  gave  a  yield  of  three  bushels.  Mr. 
L.  L,  Lawrence  of  Decatur,  Van  Buren  county,  secured  100  seeds  from 
Professor  Hughes  three  yeara  ago,  and  harvested  this  year  157  pounds  of 
cleaned  seed.  At  the  Chatham  Escperiment  Station  in  Alger  county,  Upper 
Peninsula,  the  Hubam  clover  failed  to  mature  seed,  but  produced  an  excellent 
forage  growth. 

In  all  cases  observed  the  annual  sweet  clover,  planted  in  early  spring, 
produced  an  excellent  forage  growth  by  mid-July — a  growth  which  apparently 
would  yield  from  one  and  one-half  to  two  tons  of  hay.  It  is  finer  stemmed 
and  finer  leafed  than  the  common  sweet  clover.  During  the  coming  season 
the  Farm  Crops  department  will  carry  on  experiments  to  detenbine  the  value 
of  this  crop  seeded  with  small  grains,  grown  atone  for  forage,  pasturage,  soil 
improvement,  and  seed  purposes. 

THE  DI9TE1BXJTI0N  OF  SEED. 

The  supply  of  seed  of  tbb  new  crop  is  far  from  sufficient  to  meet  the  demand . 
The  commercial  price  in  the  spring  of  1921  rar^d  from  $5.00  to  $8.00  per 
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pound.  The  Farm  Crops  department  is  planning  to  distribute  a  large 
part  of  the  recent  increase  to  members  of  the  Michigan  Crop  Improvement 
Association.  It  is  important  that  the  Hubam  Clover  be  grown  under  a 
system  of  registration  and  field  inspection,  since  there  is  apparently  no  way 
of  telling  its  seed  from  that  of  the  biennial  type  of  white  sweet  clover. 

Mr.  J.  W.  Nicolson  of  the  Farm  Bureau  S^d  Department,  Lansing,  Mich., 
states  that  he  will  install  machines  for  hulling,  cleaning  and  scarifying  the 
unbailed  seed  at  service  cost. 

The  Farm  Crops  department  is  charging  $1.00  per  pomid  for  the  seed  to 
members  of  the  Michigan  Crop  Improvement  Association.  Those  who  are 
interested  in  securing  a  small  envelope  of  the  Hubam  Clover  for  trial  can 
secure  same  on  request,  free  of  charge,  from  the  Farm  Crops  department  of 
the  Michigan  Agricultural  College,  East  Lansing,  as  long  as  the  supply  set 
aside  for  this  purpose  holds  out. 

THE  PLANTING  OF  SEED. 

In  planting  for  seed  purposes  it  is  recommended  that  seeding  be  m^de  on 
com,  bean,  or  potato  ground,  or  fallowed  land  which  is  in  a  firm,  clean  con- 
dition. If  the  soil  is  acid  from  one  to  two  tons  of  finely  ground  limestone 
or  several  cubic  yards  of  marl  should  be  applied.  Acid  phosphate  at  the  rate 
of  two  or  three  hundred  pounds  per  acre  will  increase  yield  and  hasten  ma- 
turity. 

Seed  should  be  inoculated  with  culture  which  may  be  secured  from  the 
Department  of  Bacteriology  of  the  Michigan  Agricultural  College,  East 
Lansing,  Mich.  The  price  is  25  cents  per  bottle  and  one  bottle  contains 
sufficient  material  to  inoculate  a  bushel  of  seed.  Directions  for  application 
accompany  the  material,  which  is  the  same  furnished  for  biennial  sweet 
clover. 

From  one  to  two  pounds  of  seed  per  acre,  when  drilled  in  rows  28  to  32 
inches  apart,  about  the  middle  of  April,  will  apparently  give  maximum  seed 
yields.  The  experience  of  the  College  indicates  that  one  pound  of  seed  per 
acre  is  enough,  if  properly  planted.  Care  must  be  taken  not  to  bury  the 
seed,  covering  it  as  lightly  as  possible.  Difficulty  has  been  experienced  in 
regulating  the  drill  to  sow  the  proper  amount  and  therefore  it  is  always 
necessary  to  test  the  drill  on  the  floor,  or  on  a  sheet  to  insure  a  drop  of  one  seed 
each  inch,  on  an  average,  along  the  row.  A  Planet  Junior,  Columbia,  or 
other  type  of  garden  drill  may  be  used,  and  some  makes  of  grain  drills  can 
be  employed,  using  every  fourth  drill  hole  with  cardboard  partitions  in  seed 
box. 

Other  makes  of  grain  drill  will  handle  the  seed  in  small  enough  qtiantity 
only  through  the  seeder  attachment.  In  that  case  the  seed  must  be  directed 
into  the  hoes  and  not  sown  broadcast.  Seed  may  be  mixed  with  commeal 
if  the  drill  cannot  be  properly  regulated  for  a  small  amount  of  seed.  Most 
edge  drop  com  drills  can  be  adapted  to  plant  sweet  clover,  but  not  by  means 
of  the  com  plates,  as  they  are  too  thick.  Most  manufacturers  make  thinner 
plates  to  handle  sorghums  and  other  small  seeds.  These  have  an  extra 
ring  or  plate  to  t«ke  up  the  extra  space.  For  planting  sweet  clover  with  a 
plate  three-sixteenths  of  an  inch  thick,  there  needs  to  be  between  20  and  32 
one-eighth  inch  holes.     Two  plates  are  needed. 

Dunug  early  growth  the  crop  should  be  given  clean  cultivation  with  com 
cultivator  and  weeded  with  hoe.  Careful  hand  weedmg  as  early  as  possible 
is  essential  to  success  in  seed  production. 
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Harvesting  is  best  accomplished  by  the  use  of  an  upright  type  of  com 
binder,  doing  the  work  in  early  morning  or  on  days  when  the  crop  is  damp, 
in  order  to  avoid  shattering.  Seed  matures  in  late  September  or  early  Octo- 
ber.    The  crop  requires  about  150  days  between  seeding  and  harvest. 

It  is  important  not  to  have  more  than  half  of  the  seed  pods  brown  at  the 
time  of  tiarvesting,  aa  the  best  seed  will  easily  shatter  in  the  wind  and  be  lost 
It  appears  that  when  half  of  the  seed  pods  are  turning,  the  remainder  will 
ripen  satisfactorily  in  the  shock.  A  satisfactory  shock  is  of  the  long  type, 
placing  four  bundles  abreast  instead  of  two.  They  stand  up  nicely  and  the 
bundles  dry  thoroughly. 

Threshing  is  performed  with  an  ordinary  grain  separator,  the  seed  being 
hulled  and  cleaned  by  use  of  cloverhuller,  scarifier  and  fanniiig  mill.  The 
Farm  Bureau  Seed  department  will  hull,  clean  and  scarify  seed  as  it  comes 
from  thresher  at  cost  charge. 

There  is  not  enough  of  the  Hubam  clover  seed  for  forage  or  soil  improve- 
ment purposes,  other  than  experimentally  this  year.  The  present  seed 
demands  apparently  warrant  its  production  for  seed  purposes.  It  is  very 
possible  that  this  crop  may  become  a  highly  important  one  in  Michigan 
crop  rotation,  particularly  on  light  soils. 

Those  desiring  inspection  of  crop  in  field  before  harvest  should  notify 
Secretary  A,  L,  Bibbins,  of  the  Michigan  Crop  Improvement  Association, 
East  Lansing. 
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MICHIGAN'S  SUGAR  FACTORIES 


Columbia  Sugar  Company, 

Bay  City,  Mich. 
Mt.  Pleasant,  Mich. 

Continental  'Sugar  Company, 
Bliasfield,  Mich. 

HolIand'St.  Louis  Sugar  Company, 

Holland,  Micb. 
St.  Louis;  Mich. 

Independent  Sugar  Company, 
Marine  City,  Mich. 

Menominee  Rirer  Sugar  Company, 
Menominee,  Micb. 

Michigan  Sugar  Company, 

Bay  City,  Mich. 
Alma,  Mich. 
Caro,  Mich. 
Carrolton,  Mich. 
Croswell,  Micb. 
Sebewaing,  Mich. 

Mt.  Clemens  Sugar  Company, 
Mt.  Clemens,  Micb. 

Owosso  Sugar  Company, 

Lansing,  Mich. 
Owosso,  Mich. 

West  Bay  City  Sugar  Company, 

West  Bay  City,  MicK  '    Digi,i,,,o,,GaOgIe 
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SUGAR  BEET  GROWING  IN  MICHIGAN 


special  Bulletin  No.  106 


J.  F.  cox  and  E.  B.  HILL,  FARM  CROPS  SECTION 

The  production  of  sugar  beets  is  one  of  Mictiigan's  stable  ioduBtries. 
It  returns  tlie  growers,  annually  from  |9,000,000  to  fll,000,000  and  re- 
quires a  standing  investment  of  over  f30,000,000  in  factories  and  equip- 
ment for  sugar  manufacture.  Cliinatic  conditions,  proximity  of  markets 
and  good  transportation  facilities  prevailing  througtiout  lower  Micbigan 
and  the  southern  part  of  the  Upper  Peniusula  are  generally  favorable 
to  sugar  beet  production. 

During  average  seasons  an  ample  supply  of  properly  distributed  rain- 
fall is  assured,  and  the  characteristic  long  summer  days  furnish  ample 
sunlight  and  the  right  temperature  (about  lOfo  Fahrenheit  average 
during  June,  July,  and  August)  for  the  development  of  large  yields  of 
beets  with  a  high  sugar  content.  While  the  industry  is  substantially 
developed  on  suitable  soils,  it  can  be  largely  expanded  to  indude  ex- 
tensive areas  of  adapted  soil,  not  at  present  .producing  beets,  in  r^oas 
of  proper  climatic  conditions,  if  expansion  is  encouraged  by  economic 
conditions. 

The  accompanying  map  shows  the  location  of  important  Michigan 
sugar  beet  producing  areas,  and  of  beet  sugar  factories  now  in  opera- 
tion. Michigan  ranks  third  in  the  United  States  in  importance  as  a 
sugar  beet  producing  state.  It  is  the  leading  state  in  sugar  production 
east  of  the  Bocky  Mountain  region.  Mr.  V.  H.  Church,  Orops  Statis- 
tician of  the  U.  S.  Bureau  of  Crops  Estimates,  Lansing,  Mich.,  gives  the 
following  statement  of  the  yield  and  value  of  the  Michigan  sugar  beet 
crop  for  the  years  1909  to  1919 ; 
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Id  1920,  Michigan  produced  129,400  acres  of  sugar  beets  which  gave 
an  average  yield  of  8.6  tons  per  acre  and  a  total  production  of  1,106,000 
tons.  The  average  price  per  ton  December  1st  was  f  10.00,  giving  a  total 
value  of  fll,060,000— an  average  of  |S5.47  per  acre. 


THB  SOIL  FOR  BEETS 

Beets  do  best  on  fertile  well  drained  loam,  silt  loam,  and  clay  loam 
soils.  Light  loams  and  sandy  loams  will  produce  beets  of  high  sugar 
content,  but  will  not  usually  yield  a  sufficient  tonnage  per  acre  to  justify 
expansion  of  production  on  these  soils,  except  in  cases  where  such  soils 
are  In  an  unusually  high  condition  of  fertility. 

Certain  muck  soils  tend  to  produce  beets  of  a  comparatively  low 
sugar  content,  though  yields  may  be  good.  If  properly  fertilized  with 
potash  and  phosphoric  acid,  such  soils  may  produce  sugar  beets  of  ac- 
ceptaible  quality.    It  is  the  opinion  of  the  Farm  Crops  department  that 
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past  experience  in  growing  beets  on  mucl£  land  will  hardly  justify  the 
inclusion  of  this  type  of  soil  in  the  area  of  soil  best  suited  to  extensive 
development  for  profitable  sugar  beet  production.  Investigation  which 
may  afford  us  more  definite  facts  relative  to  growing  beets  on  mucli,  are 
now  under  way  by  tbe  Soils  department. 


Bngtr  beet*  do  Iieat  on  fertile,  veil  dralaed  loom,  Bilt  loam  and  cla;  iMm  aolla.  Fall  plow- 
lot  ta  >  good  depth  and  tborougb  flltlng  provides  coodUloDB  tar  the  development  of  tb« 
b*«t  type  of  beet  root. 

Expansion  in  sugar  beet  growing  when  advisable  should  be  directed  to 
occupy  additional  areas  of  fertile  and  well  drained  loams,  silt  loams,  and 
clay  loama — soils  which  give  both  a  high  yield  and  a  desirable  sugar  con- 
tent, and  of  whicli  extensive  acreages  are  available.  In  addition  there 
are  large  areas  of  poorly  drained  land  of  similar  texture,  adapted  to  beet 
growing  when  drmned.  The  adequate  drainage  of  such  soils,  now  with- 
held from  profitable  sugar  beet  production  due  to  poor  drainage,  would 
provide  for  a  large  expansion  of  beet  growing  under  excellent  soil  and 
climatic  conditions.  Few  crops  will  as  rapidly  repay  the  expense  of  tile 
drainage  where  needed  as  will  the  sugar  beet  crop. 

PSEPASINO   LAND   FOR   BEETS. 

Fall  plowing  to  a  good  depth  is  conceded  to  be  the  best  initial  prepara- 
tion for  large  sugar  beet  yields — the  depth  varies  with  soils — but  iinder 
average  Michigan  conditions  from  7  to  10  inches  is  considered  sufficient. 
Do  not  plow  more  than  three-quarters  of  an  inch  to  one  inch  deeper 
than  the  usual  depth  at  any  one  plowing.  Increase  the  depth  of  plowing 
gradnally — not  all  the  same  year.  Fall  plowing  provides  for  the  thor- 
ough settling  of  the  furrow  slice,  and  exposes  the  soil  to  winter  action, 
31 
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which  coDtrols  insect  pests  and  insures  a  proper  mellowing.  Fall  plowed 
land  is  nenally  in  condition  to  be  readily  worked  into  an  excellent  seed 
bed  at  an  earl;  date  the  following  spring.  - 


Tall  piDwiBg  to  sood  deptb  U  the  usual  practice  among  good  beat  grower*. 


Where  spring  plowing  is  necessary  it  should  be  done  as  early  as  poo- 
sible.  Discing  before  plowing  in  the  spring  is  a  great  aid  in  preparing 
land  for  beets.  The  loose  ground  on  the  surface  from  the  discing  helps 
to  fill  up  the  furrow  bottom  with  fine  material  and  thus  malces  It  easier 
to  prepare  the  seed  bed.  In  view  of  the  shorter  period  of  time  available 
for  weather  action  spring  plowing  should  not  be  so  deep  as  fall  plowing. 
It  is  not  advisable  to  mix  the  sub-soil  with  the  furrow  slice  in  the  springs 
hence  plowing  should  not  be  greater  than  the  usual  depth.  After  corn, 
potatoes,  or  beans,  spring  plowing  to  a  medium  depth  is  sufficient  to 
provide  proper  conditions  for  the  preparation  of  a  good  seed  bed.  For 
rapid  and  full  development,  beets  need  deep,  easily  penetrated,  but  not 
loose  soil  conditions.  The  surface  must  be  worked  into  as  near  a  "garden 
condition  of  tilth"  as  possible,  in  order  to  provide  the  beat  conditions 
ioT  seedling  development.  Oooolc- 
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Under  average  Michigan  soil  conditions,  sugar  beets  respood  beet  to 
substantial  applications  of  fertilizers  high  in  phosphoric  acid  and  potash. 
Growers  report  good  results  from  the  use  of  300  to  500  pounds  per  acre  of 
a  complete  fertilizer  such  as  2-12-2  or  210-4  or  a  lilie  amount  of  acid 
phosphate.  When  this  amount  of  fertilizer  is  used,  it  should  be  applied 
broadcast  vhen  fitting  the  seed  bed,  or  harrowed  in  just  before  planting. 
When  smaller  applications,  100  to  126  pounds  per  acre  are  made,  the 
fertilizer  should  be  applied  in  tbe  row  usually  with  a  special  fertilizer 
attachment  on  the  seeder.  Tbe  common  practice,  which  is  a  poor  one, 
is  to  apply  too  little  fertilizer  of  a  low  analysis  for  maximum  returns 
per  acre. 


Sugar  tieeU  respond'  profitably  to  the  proper  osa  of  fertllker. 

eOO  lbs.  ot  S40-4  on   rlsht  corner. 

600  lbs.  of  2-10-4  and  manure  In  back  ground. 

Mothlns  OD  lower  left  corner. 

Barnyard  manure  is  the  most  common  fertilizer  used  on  the  farm 
today.  It  is  very  valuable  in  the  production  of  a  good  crop.  Barn- 
yard manure,  which  has  been  applied  the  spring  or  fall  the  year  previous 
to  planting  beets,  gives  the  best  results.  Spring  application  of  fresh 
manure  immediately  before  planting  is  not  recommended  for  several 
reasons:  (1)  The  beet  plant  is  not  able  to  make  the  best  use  of  this 
manure  as  it  is  not  immediately  available.  (2)  Heavy  application  of 
fresh  manure  may  cause  short,  prongy,  low  yielding  beets.  (3)  The 
spring  top  dressing  of  fresh  manure,  in  many  cases,  is  also  a  top  dress- 
ing of  weed  seeds.  This  greatly  increases  the  amount  of  labor  necessary 
to  care  for  the  crop.  Well  rotted  manure  may  profitably  be  applied  in 
the  spring. 

Manure  furnishes  innumerable  very  valuable  bacteria  to  the  sQil  and 
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it  also  supplies  a  large  amount  of  food  for  the  bacteria  witb  the  result 
that  the  plant  food  is  made  available  for  the  beets.  It  is  best  applied  hj 
means  of  a  spreader  at  the  rate  of  8  to  12  loads  per  acre. 

Manure  should  be  supplemented  with  an  application  of  acid  pbosphate, 
as  above  recommended,  or  of  fertilizer  high  in  phosphorus.  As  the  price 
of  potash  declines,  its  use  may  again  become  more  general. 

On  soils  which  are  acid,  sugar  beet  refuse  lime  at  the  rate  of  one  to 
three  tons  per  acre,  or  one  to  two  tons  of  ground  limestone  applied  in 
rotation,  when  fitting  seed  beds  for  corn  or  beets,  will  increase  beet 
yields  directly,  and  markedly  increase  the  yields  of  clover  and  alfalfa 
following  in  rotation,  thus  providing  a  greater  residue  of  organic  matter 
and  nitrogen,  improving  both  the  fertility  and  structure  of  the  soil. 


Refuse  lime  may  be  secured  from  the  sugar  companies.  This  lime  is  as 
good  as  can  be  secured  for  use  in  correcting  soil  acidity.  On  account  of 
its  physical  condition,  being  somewhat  moist  and  occasionally  lumpy, 
it  will  not  work  through  a  lime  distributer.  Distribution  is  made  from 
the  wagon  or  piles  by  means  of  a  fork  or  shovel  or  with  manure  spreader. 
The  best  time  to  apply  this  lime  is  in  the  fall  or  winter  when  the  snow 
is  not  too  deep. 

The  following  table  gives  the  analysis  of  two  fairly  representative 
samples  of  sugar  beet  factory  refuse  lime.  Analysis  made  by  Prof.  A.  J. 
Patten,  Experiment  Station  Chemist. 


Canlents. 

Sttmplo  No.  1. 

Sample  No.  2. 

3T.40  percent 

40.ee  per  cent 

.  IS  par  cent 

:07pra^t 

.agp^cvnt 
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The  wide  variance  in  analyais  is  due  mainly  to  tbe  difference  in  mois- 
ture content.  Sample  No.  1  contained  over  37  per  cent  water,  wliUe 
sample  Ko.  2  contained  practically  no  moisture. 

After  the  lime  has  served  its  purpose  in  the  beet  factory,  in  pnrifylng 
the  beet  juices,  it  is  washed  out  of  tiie  filter  presses  with  large  quantities 
of  water.  This  tMu  mixture  of  lime  and  water  is  then  rnu  into  a  settling 
pond.  Refuse  lime  taken  directly  from  the  settling  pond  is  in  rather 
poor  physical  condition  with  a  great  deal  of  moisture.  A  few  factories 
have  osed  their  power  shovel  and  transferred  large  amounts  of  this  lime 
from  the  settling  basin  to  piles  on  high  ground.  After  remaining  in 
these  piles  for  two  to  five  years,  the  lime  has  changed  from  a  pasty 
condition  to  a  drier  mealy  state,  wbich  is  then  in  good  shape  tor  dis- 
tribution on  the  soil  with  a  manure  spreader,  fork  or  shovel. 

In  Europe,  where  the  sugar  beet  industry  has  thrived  for  about  115 
years,  tbe  sugar  beet  growers  are  allotted  refuse  lime  in  proportion  to 
tbe  tons  of  beets  delivered.  There  is  a  clause  in  their  beet  contract 
providing  for  tbeir  allowance  of  lime.  All  this  refuse  lime,  at  the 
European  factory,  is  usually  cleaned  up  by  three  weeks  after  harvest. 

Sugar  beet  refuse  lime  is  a  practical  and  cheap  source  of  agricultural 
lime.  Most  sugar  companies  in  Michigan  make  no  charge  for  this  lime 
in  carload  lots.  The  only  cost  to  the  beet  grower  is  the  actual  loading 
charge  at  the  factory  and  tbe  freight  to  his  station.  The  lime  capacity 
of  cars  varies  from  30  to  45  tons.  Farmers  may  group  together  in  the 
purchase  of  carloads. 

There  are  great  piles  of  this  material,  valuable  for  the  correction  of 
our  sour  soils,  that  are  standing,  unused,  at  the  various  sugar  factoriee 
in  the  State.  This  waste  material  if  properly  used  would  add  greatly  to 
our  agricultural  prosperity. 

Sugar  companies  also  have  each  year  a  few  car  loads  of  fine  dry  alr- 
slaktS  lime,  which  were  not  used  In  the  purifying  process.  This  lime  ac- 
cumulates from  the  lime  burners.  It  is  usually  in  excellent  physical 
condition.  Its  analysis  would  be  about  the  same  as  the  hydrated  lime 
purchased  from  commercial  lime  concerns. 

In  ordering  carloads,  it  is  first  best  to  send  fo^  a  sample,  and  tbni 
avoid  any  misunderstandiug, 

FITTING  THE  SBED  BEO' 

The  yield  of  beets  depends  very  largely  on  the  stand  secured.  A  uni- 
form stand  can  only  be  obtained  by  planting  on  a  well  fitted  seed  bed 
and  giving  proper  attention  to  thinning  and  cultivating.  The  seed 
bed  is  tlie  foundation  of  a  good  stand. 

Fall  plowed  land  can  be  fitted  at  an  earlier  date  in  the  spring  and 
offers  a  longer  period  for  working  into  proper  condition  than  spring 
plowed  land.  By  discing,  and  harrowing  frequently  with  a  weighted 
spike  tooth  or  a  spring  tooth  harrow,  such  land  can  be  best  brought  into 
a  proper  planting  condition. 
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Spring  plowed  land  should  be  firmed  with  a  eultipacker  or  roller  and 
harrowed  immediately  after  plowing,  and  disced  and  harrowed  at  in- 
tervals until  planting  time.  Discing  before  plowing  improves  the  bottom 
of  the  furrow  slice.  The  final  fitting  immediately  before  pUmting  should 
be  made  with  a  spike  tooth  harrow  or  a  heavy  plank  drag.  Intensified 
effort  in  fitting  the  seed  bed  properly  will  be  repaid  by  lessening  the 
work  ot,  weed  control  after  the  crop  is  planted. 


'  ThoronKh  fitting  ereotl;  lessens  the  coat   ot  later  weed  control  irben  crop  li 


Comparatively  early  planting  on  a  well  worked  seed  bed  givea  best 
results  in  yield  and  quality.  Planting  should  be  begun  as  early  in  Uay 
as  the  se^  bed  can  be  brought  into  condition  and  becomes  properly 
warmed  up.  The  usual  planting  period  ranges  from  Hay  5th  to  20th  bnt 
plantings  may  be  made  as  late  as  early  June,  where  early  planting  is 
impossible. 

The  seed  is  drilled  with  a  special  beet  drill,  either  a  one,  two  or  four 
row  machine.  The  rows  are  usually  from  22  to  24  inches  apart  and  the 
seed  is  drilled  at  the  rate  of  from  12  to  20  pounds  per  acre,  according 
to  the  germination  of  the  seed  and  the  condition  of  the  land.  Bows  ^ 
inches  apart  give  highest  yields  on  fertile  soils.  The  average  plantings 
are  at  the  rate  of  15  pounds  per  acre.  Care  should  be  taken  in  planting 
at  a  uniform  depth  of  about  one-half  to  thre&fourths  of  an  inch.  In  cases 
where  the  seed  bed  is  exceptionally  dry,  owing  to  spring  droughts,  plant- 
ing somewhat  deeper — to  one  inch — may  be  advisable. 

The  use  of  a  eultipacker  after  planting  and  before  the  beets  are  up, 
is  recommended  for  ground  which  has  a  tendency  to  bake  or  cmst  over. 
In  some  cases  it  is  the  only  means  of  saving  the  crop.    The  machine 
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SUGAR  BEETS  REQUIRE 
A  DEEP  SEED-BED 


PROPER  SOIL+PROPER  FITTING = PERFECT  BEETS 


^ 


COMmCT  SUBSOIL+SH/iaoW  PtOWINS"  0I3T0RTCD  BEER 
IMPERVIOUS  LAYER  =    DISTORTED  BEETS 


IdDd  Cor  (agar  beets  sbonld  be  plowed  deeper  than  tor  molt  cropi, — from  wveD  to  teD 
iDches  it  caneldered  Bufflclent.  It  la  not  beat  to  plow  more  thnn  three-quarten  al  »u 
Incb  to  one  loch  deeper  tban  tbe  UBual  deptb.  at  one  plowing.  Tbii  deeper  plawlni 
•bould  be  dope  Id  tbe  tall.     SpriDE  plowlos  should  be  at  the  usual  depth. 
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breaks  and  cuts  the  hard  crust  vbicb  enables  the  seedling  to  break 
through  the  surface  of  the  eoil,  thus  helping  to  save  a  good  stand. 

The  so-called  sugar  beet  seed  is  a  seed  ball  containing  a  number  of 
individual  seeds,  several  of  which  usually  germinate,  making  it  neces- 
sary to  thin  carefully  by  hand  when  plants  are  young, 

8ugar  beet  seed  is  usually  supplied  at  cost  by  the  sugar  beet  company, 
with  whom  the  grower  has  a  contract.  Special  effort  is  made  to  secure 
seed  of  high  germination  from  high  yielding  strains  which  will  produce 
sugar  beets  of  high  sugar  content — an  average  of  13  per  cent  or  above. 


a  well  flrmed  Bead  bed  In  aa  ni 


SEED  PRODUCTION 


Before  the  war  practically  all  seed  was  imported,  chiefly  from  Ger- 
many, most  of  it  being  of  the  Klein  wan  zlebener  variety.  With  tbe  cut- 
ting off  of  the  foreign  supply  during  the  war  the  home  production  of 
sugar  beet  seed  became  important,  and  several  Michigan  sugar  com- 
panies produced  one-half  or  more  of  the  seed  needed  for  their  usual 
acreage.  It  was  demonstrated  that  seed  could  be  profitably,  produced 
by  Michigan  growers. 

At  tbe  present  time  sugar  beet  seed  production  in  Michigan  is  being 
lai^y  discontinued  with  the  opening  up  of  a  cheaper  foreign  supply, 
and  due  to  the  fact  that  the  breeding  of  suitable  mother  beets  (stech- 
lings)  was  not  developed  as  tbe  foundation  of  seed  production  In  Mich- 
igan. Such  work  is  now  under  way  at  the  Michigan  Agricultural  Col- 
lege and  it  is  hoped  that  in  the  future  tbe  sugar  beet  seed  industry  in 
Michigan  may  make  sound  development  with  improved  parent  stock, 
selected  for  yield  and  high  sugar  content  as  a  basis.  A  sufficient  de- 
velopment in  sugar  beet  seed  production  should  be  made  in  Michigan 
so  that  this  phase  of  tbe  sugar  beet  industry  will  be  on  a  footing  to  de- 
velop rapidly  and  make  the  State  independent  of  a  foreign  seed  supply, 
should  need  again  arise.  ^ 

L^imzecCyCiOOglC 
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Buinr  bc»t  leed  was  grown  ■uccealfuUr  In  Mlchlgao  dnriag  the  i 


Tbc  future  iDceeH  of  iDgBT  beet  teed  prodactloD  Id  MIchlgaD  vlll  depend  on  a  reliable  aon 
of  Ufh  jielding  matber  ttralna  of  Ugh  eaggr  content.  The  above  picture  abowa  a  b 
bieedlDg  plat  at  the  Ulcblgan  Eliperlineiit  Station  condacted  by  Prof.  F.  A.  Spragg. 
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BLOCKINO    AND   THINNINO 

The  largest  yield  of  beets  of  the  right  size  for  the  highest  engar  con- 
tent resnlts  when  plants  are  spaced  from  10  to  12  inches  apart  in  the 
row.  It  is  important  that  the  thinning  be  started  and  completed  as 
soon  as  possible  after' the  beet  plants  are  large  enough  to  work,  at 
which  time  fonr  leaves  hare  developed.  Yields  are  often  reduced  when 
thinning  is  delayed. 

"Blocking"  to  tufts  or  bunches  about  8  or  10  inches  apart  with  a 
sharp  blad^,  seven  inch  hoe,  is  tbe  first  operation.  The  blade  is  drawn 
at  right  angles  to  tbe  rows,  beneath  tbe  surface  of  tbe  ground  so  as  to 
cut  off  the  roots  below  the  crowns.  The  bunches  are  then  thinned  care- 
fully by  hand  to  one  plant.  It  is  important  that  the  gtrongest  bunches 
be  left  in  blocking,  and  that  in  thinning  the  bunches,  the  most  vigorous 
plant  be  left  in  place. 


Careful  blocklDg  aad  tblDnlnf  Inauns  ■  unlti 
bU  iDcccH  Id  wcurlDg  lante  be«t  Jleldi  I 
careful  llttlDE  of  tbe  leed  bed. 


Careful  attention  to  blocking  and  thinning  will  be  repaid  by  a  much 
more  uniform  stand  and  increased  yields.  Labor  is  usually  paid  on  an 
acre  basis  for  this  work  and  hence  there  is  a  tendency  for  many  to  pull 
the  larger  plants,  which  handle  easier,  and  leave  the  smaller  and  weaker 
ones  in  place.  A  bonus  is  sometimes  paid  the  laborer  by  the  grower 
for  an  increase  of  yield  over  a  certain  tonnage  per  acre.  Children,  un- 
less carefully  watched  or  instructed,  are  likely  to  reduce  possible  yields 
considerably  by  improper  thinning.  ,  , 
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HOEING  AND  COLTITATING 

The  first;  cultivation  should  come  immediately  before  blocking  and 
thinning.  In  about  10  daya  to  two  weeks  after  blocking  and  thinning, 
the  first  hoeing  should  be  made,  the  dirt  being  drawn  carefully  around 
the  plants  without  covering  the  crowns.  Cultipackers  and  rollers  are 
often  used,  with  good  results,  after  blocking  and  thinning  to  smooth 
over  and  level  off  the  dirt  hoed  into  the  middle  of  the  row.  This  makea  it 
much  easier  to  cultivate  in  the  proper  manner  the  first  time  after  block- 
ing and  thiDning.  Cultivation  should  be  given  every  week  or  10  days,  - 
until  the  beet  leaves  block  the  rows.  Usually  from  four  to  six  culti- 
vations and  two  hoeings  are  necessary  to  keep  a  beet  field  free  of  weeds. 
The  first  and  second  cultivations  should  be  close  to  the  plants  and  may 
be  fairly  deep  between  rows,  but  later  cultivation  should  be  to  shallow 
depth,  or  not  more  than  two  or  three  inches  deep,  so  as  not  to  prune 
the  feeding  roots  of  the  beet  plant,  which  tend  to  interlace  between  the 
rows  near  the  surface  after  thirty-five  or  forty  days'  growth. 


Clean  caltivatloii  It  rewarded  bj  tbrift;  growth  and  Increased  7le1dB. 


The  cultivation  of  the  beets  is  best  handled  by  the  use  of  the  regular 
two  or  four-row  beet  cultivator.  Disc  or  knife  weeders  and  deer  tongues 
may  be  used  for  the  first  two  cultivations.  After  that  remove  disc  weed- 
ers and  use  knife  weeders  and  deer  tongues,  or  deer  tongues  alone. 
Duck  feet  should  be  used  with  care  as  they  are  apt  to  cover  up  the  beets 
and  weeds  in  the  beet  row,  thus  making  it  difiQcuIt  to  do  the  hand  work. 

Beets  should  be  cultivated  once  before  thinning  and  four  to  five  times 
after  to  keep  the  ground  loose  and  retain  the  moisture.  Do  not  be  afraid 
to  cultivate  too  many  times.    Many  growers  owe  their  good  yields  and 
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thus  good  profits  to  liberal  aod  careful  cultivation.  Beets  should  not 
be  hilled  up,  throw  up  just  enough  soil  at  the  last  cultivation  to  keep 
the  top  of  the  beet  from  being  greened  by  the  sun.  A  last  cultivation 
should  be  made  when  the  tops  practically  cover  the  row.  Do  not  culti- 
vate too  deep  or  too  close  to  the  row  at  this  time,  A  few  leaves  may 
be  broken  off,  but  this  slight  damage  will  be  more  than  offset  by  the 
increased  yield  due  to  the  tUlage  operation. 

The  careful  grower  cultivates  close  to  the  rows  early  in  the  season  and 
gets  all  the  weeds  possible  by  means  of  machinery.  Weeds  should  be 
thoroughly  cleared  out. 

HARVESTING   SUGAR   BEETS 

Since  beets  make  rapid  growth  in  the  fall  and  store  more  sugar  at 
that  time,  they  should  be  left  in  the  field  until  the  right  stage  of  ma- 
turity is  reached.  Maturity  is  indicated  by  the  browning  of  the  lower 
leaves,  or  by  a  wilted  or  drooping  appearance  of  the  plants.  Tests  of 
sugar  content  are  made  by  factory  experts,  and  notice  is  usually  given 
to  the  grower  as  to  when  to  begin  harvest.  Harvesting  usually  begins 
in  late  September  and  continues  through  October.  A  special  harvest- 
ing implement,  known  as  "a  beet  lifter"  is  used  in  raising  the  beets  in  the 
rows.  Two  types  of  beet  lifters  are  in  use.  The  older  ^pe  has  a  single 
share  which  slides  between  the  rows,  slightly  to  one  side,  raising  uie 
beets  during  its  passage;  the  other,  a  more  efficient  type,  is  equipped 
with  two  shares,  which  pass  on  either  side  of  the  row.  Both  implements 
raise  the  beets  so  that  they  are  easily  pulled  by  hand. 

After  lifting,  the  beets  are  pulled  by  hand,  care  being  taken  to  knock 
off  clinging  dirt  by  striking  the  beets  together,  a  bunch  in  each  hand. 

The  usual  practice  is  to  throw  the  lifted  beets  from  16  to  18  rows 
into  piles,  the  topping  being  done  from  the  heaps  so  collected.  A  heavy 
regular  beet  topping  knife  is  used  in  topping.  The  crowns  are  cut  off  at 
the  base  of  the  last  leaf  or  slightly  above  the  sun  line.  The  topped  beets 
are  thrown  into  heaps  and  covered  with  tops  to  prevent  excessive  loss  of 
moisture.  As  soon  as  possible  they  should  be  hauled  to  loading  stations 
or  factories  to  prevent  drying  and  freezing.  Repeated  freezing  and 
thawing  makes  sugar  extraction  difllcult. 

It  is  important  both  to  the  grower  and  manufacturer  that  beets  be 
carefully  topped.  The  crown  and  leaves  of  the  sugar  beet  are  relatively 
high  in  potash  and  phosphoric  acid,  and  by  retaining  them  on  the  land 
or  feeding  on  the  farm,  much  of  tlie  mineral  fertili^  contained  in  the 
beet  crop  is  returned.  The  salts  contained  in  the  crown  prevent  the 
proper  crystalization  in  the  process  of  sugar  manufacture.  Considering 
this,  and  the  fact  that  the  sugar  content  of  that  portion  of  the  beet  above 
ground  is  low,  it  is  apparent  that  careful  topping  must  be  insisted  upon 
by  the  manufacturer,  and  he  is  fully  justified  in  deducting  the  amount 
of  tare  due  to  poor  topping. 

Average  yields  per  acre  range  from  8  to  10  tons,  but  good  growers 
frequently  secure  12  to  14  tons  and  exceptional  fields  yield  from  16  to  18 
tons  per  acre. 
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EXAMPLES   OF  ABNORMAL  ROOT 
DEVELOPMENT  OF  BEETS  UNDER 
POOR  DRAINAGE   CONDITIONS, 
SHOWING    HOW    ROOTS  ARE 
MISSHAPEN  AND  THEIR  GROWTH 
STUNTED   BY  IMPROPER 
REGULATION  OF  SOIL  MOISTURE 


Poor  tliaped  be«ti  are  b1»o  caased  by  plowing  under  ■  toogb  aod  or  UrRe  aniaaiiU  rf  b«rn 
7>rd  manure,  the  sprlDg  of  planting.  The;  msT  bIbo  be  formed  bf  Improper  Uttlns  of 
■eed  bed  or  bjr  a  hardpan  at  the  bottom  of  turroi*  lUce. 
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FSBDINO  BBBT  TOPS  AND  LEAVES 

Beet  tops  aad  leaves  furnish  excellent  feed  for  livestock.  When  left 
on  the  ground  they  may  be  profitably  pastured  with  cattle  or  sheep. 
Care  should  be  taken  to  turn  the  animids  on  beet  tops  for  only  short 
intervals,  covering  a  period  of  several  days,  until  they  are  accustomed 
to  the  feed.  Too  much  beet  tops  and  leaves,  especially  when  somewhat 
frozen,  may  cause  dairy  stock  or  fattening  cattle  to  scour,  though  if  fed 
judiciously,  a  large  part  of  the  ration  can  be  made  up  of  tops  and  leaves 
with  excellent  results. 


A  better  method  of  using  tops  and  leaves  is  to  ensile  them,  since  the 
tramping  of  the  livestock  and  the  pasturing  on  the  field  will  cause  a  loss 
ol  one-half  or  more  of  the  feed  and  may,  in  wet  seasons,  puddle  the 
land.  Shallow,  well  drained  pits  are  dug  to  a  depth  of  two  or  three 
feet;  a  foot  of  straw  is  placed  in  bottom  and  then  a  foot  of  tops  and 
leaves  thrown  in,  then  straw  and  tops  repeated  alternately;  the  whole 
is  then  covered  with  a  foot  or  more  of  straw  and  enough  dirt  to  keep  the 
pile  from  freezing.  By  building  up  with  alternate  layers  of  tops  and 
straw,  a  foot  in  thickness,  the  tops  keep  better  and  a  better  quality  of 
feed  is  secured.  One-third  of  the  ration  fed  to  dairy  stock  or  one-half  of 
the  ration  fed  to  fattening  steers  may  be  made  up  of  beet  tops  and  crowns 
with  good  results.  Beet  tops  when  properly  fed  are  an  excellent  feed 
to  stimulate  the  milk  production  of  the  dairy  cow. 
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SUGAR   BEETS   IN    ROTATION 


The  sugar  beet  crop  is  a  valuable  one  in  Michigan  rotations  on  adapted 
soils.  To  produce  a  good  crop  of  beets  requires  thorough  fitting  of  the 
soil  and  careful  cultivation,  thus  leaving  the  land  in  excellent  condition 
without  the  need  of  plowing  for  a  following  crop  of  oats,  barley,  or 
spring  wheat,  or  of  rye,  if  the  beets  are  removed  suflBciently  early.  If 
the  tops  are  returned  to  the  soil,  or  manure  from  feeding  the  tops  and 
pulp  is  applied  to  the  land  which  produced  the  beet  crop,  less  fertility 
is  removed  from  the  bdlI  by  beets  than  by  any  other  Michigan  cash  crop. 


•MINEHAL  FOOD  REMOVED  FROM  THE  SOIL  BY  BEETS  AND  OTHER  CROPS. 
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s,  Tbe  Sugar  Beei  In  A 


A  ten  ton  crop  of  beets  will  contain  approximately  70  pounds  of  min- 
eral elements  (ash).  From  three  or  four  tons  of  tops  and  leavea  are 
produced  containing  288  to  389  pounds  of  mineral  elements  (ash).  From 
a  fertility  maintainence  standpoint,  it  is  important  that  the  tops  and 
leaves  or  manure  produced  from  them  be  returned  to  the  land. 

As  a  cash  crop,  sugar  beets  are  among  the  most  profitable  from  the 
standpoint  of  the  returns  per  acre.  They  require,  however,  a  large 
amount  of  hand  labor  and  ample  provision  must  be  made  to  provide  for 
handling  the  crop. 

It  is  usual  for  beets  to  be  grown  after  corn,  beans,  or  potatoes  which 
leave  the  ground  comparatively  free  of  weeds.  Clover  sod  plowed  in  the 
fall  can  be  put  in  excellent  shape  for  beets  by  proper  fitting  in  the 
spring.  Alfalfa  or  June  grass  (Kentucky  Blue  Grass)  sods  should  be 
followed  by  a  season  in  corn  op  beans  before  planting  to  beets,  because 
of  the  expense  involved  in  iieeping  down  volunteer  alfalfa  or  June  grass. 

It  is  not  a  good  practice  to  grow  beets  year  after  year  on  the  same 
land.  Not  only  is  fertility  depleted  and  the  organic  content  reduced, 
but  great  loss  can  be  expected,  due  to  fungus  diseases  such  as  tbe 
leaf  spot,  and  insect  injury,  particularly  from  the  root  nematode. 

Sugar  beets  are  especially  helpful  in  the  rotation  in  cleaning  up  the 
land.  The  clean  culture,  hoeing  and  cultivating,  given  where  beets  are 
properly  cared  for,  leaves  the  land  in  good  shape  for  the  following  crops. 
When  properly  handled,  farmers  report  success  in  controlling  and  eradi- 
cating quack  grass  by  means  of  a  beet  crop.  The  important  consideration 
in  handling  beets  on  land  infested  with  quack  grass  is  frequent  and  oare- 
ful  cultivation  with,  a  cultivator  which  will  go  dose  to  the  row  and  wMch 
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is  equipped  with  the  proper  teeth.  If  poor  caltivations  are  made,  it  is 
impossible  to  expect  the  labor  to  do  good  hand  work  under  such  coudi- 
tioQS.  A  spring  plowing  should  be  made  on  quack  Infested  land  which  is 
to  be  planted  to  beets.  The  land  should  also  be  summer-fallowed  to  a 
shallow  depth  the  summer  before.  Keep  in  mind  that  to  compete  with 
this  weed  the  grower  must  expect  to  put  in  an  extra  amount  of  careful 
labor. 

THE  FOLLOWING  ROTATIONS  INCLUDING  SUGAR  BEETS  ARE  SUGGESTED. 

A.  First  year — clover;  2nd  year— com,  beans  or  potatoes;  3rd  year 
— ^beets;  4th  year — oats,  barley  or  rye,  seeded  to  clover. 

B.  First  year — clover;  2nd  year — corn,  beans,  potatoes,  or  beets; 
3rd  year — oats,  barley,  rye,  or  wheat,  seeded  to  clover ;  4th  year — clover ; 
5th  year — beets  com,  beans,  or  potatoes;  6th  year — oats,  barley,  or  rye, 
seeded  to  clover. 

C.  Ist  year — corn,  beans,  potatoes;  2nd  year — beets;  3rd  year — 
oats  or  barley;  seeded  to  alfalfa ;  4th  year — alfalfa ;  5th  year — alfalfa ; 
6th  year — alfalfa. 


A  GOOD  CHOP  07  ORAIH  FOLLOWIHO  SDOAK  BEETS 

Beeti  lit  ire]]  In  Mlcblgan  rotatlonb.  The  clean  and  deep  cultlTatlan  required  In  growing 
■  crop  of  beet*,  leavea  tbe  land  In  eicelleat  condition  for  a  followlag  crop  ol  tmaU  grain 
(oata,  barley,  wbeat,  or  r;e).  Uftiog  and  palling  tbe  beeta  tborougfal;  works  tbe  (Oil, 
making  plowing  for  fallowing  nop  unaeceHac?. 
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SUGAR  BEET  aUGOESTIONS 

Qrov  beets  on  fertile  loams,  silt  loams  and  clay  loami. 

Tile  drain  to  increase  yields  and  Insore  crop  in  vet  seasons. 

Fall  plow  to  good  depth. 

Fit  seed  bed  early  and  thoiongUy. 

Fluit  eaily — early  to  mid-Hay — in  average  season,  Id  rows  22  to  24  indtes 
apart 

ITte  enough  fertiUzer,  300  to  600  poands  of  complete  fertiliKr  or  300  pounds 
of  acid  phosphate  with  from  8  to  12  tons  of  well  rotted  manure  per  a>ort. 

Lime  with  sugar  beet  lime,  marl  or  ground  limestone  in  rotation. 

Thin  carefully,  blocking  to  vigorous  bnnches  and  thinning  to  strongest 
plant  in  bnnch.    Space  plants  from  10  to  12  inches  apart. 

Cultivate  and  hoe  often  enough  to  keep  free  of  weeds. 

'  Harvest  when  mature,  as  indicated  by  browning  of  bottom  leaves  and  wilted 
appearance  of  plants, 

Orow  in  good  rotation  to  conserve  and  bnUd  up  fertility  and  prevent  loss 
from  insects  and  diseases. 

Feed  tops  and  crowns  and  sugar  beet  pulp  on  the  farm  to  conserve  fertility. 


A  modiTii  beet  lUKac  factor;  v 
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EUROPEAN  CORN  BORER 


Circular  Bulletin  No.  44. 


BY  H,  H.   PBTTIT,   ENTOMOLOGICAL    SECTION 

As  near  as  one  can  judge  at  this  time,  the  most  serious  pest  that  has  ever 
threatened  the  agriculture  of  America  is  the  European  com  borer.  The 
com  crop  is  a  very  important  one  with  us  and  the  establishment  of  this  new 
enemy  in  the  great  com  belt  will  undoubtedly  cause  great  losses  and  greatly 
increase  the  cost  of  producing  a  bushel  of  com  and  therefore  affect  all  of  our 
agricultursl  operations.  Michigan  stands  in  the  path  over  which  this  in- 
sect is  advancing  from  Canada  to  the  great  com  belt. 

If  we  can  retard  or  prevent  the  prepress  of  this  insect,  we  shall  perform 
a  patriotic  duty  of  vast  importance  to  the  country  at  lar^,  Michigan  in- 
cluded. The  European  com  borer  bores  into  tbe  stalks,  roots,  ears,  and  cobs 
of  com  and  in  celery,  beets,  fleshy  and  woody  weeds  like  smart-weed,  rag- 
weed and  others  of  that  sort. 

It  is  now  established  at  St.  Thomas,  Canada,  the  nearest  point  reached 
in  its  western  progress.  It  is  also  present  in  parts  of  New  York,  Pennsyl- 
vania, Massachusetts  and  New  Hampshire. 

The  finding  of  a  larva  boring  in  com  does  not  necessarily  mean  that  it  is 
the  dreaded  pest,  but  any  such  case  is  open  to  suspicion. 

Report  any  case  of  insects  boring  in  any  part  of  the  com  plant  to  the 
Entomologist  of  the  Experiment  Station,  Eaat  Lansing,  Michigan,  and  do 
not  try  to  send  specimens  unless  so  directed  by  that  office.  This  is  in  order 
to  avoid  the  risk  of  the  package  being  broken  in  transit  with  the  consequent 
liberation  of  the  pest  we  are  ainung  to  restrict.  Furthermore  a  short  de- 
scription of  the  work  will  help  materi^ly  in  dealing  with  the  case. 

Address:    R.  H.Pettit, 

Section  of  Entomology, 
East  Lansing,  Mich. 
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FOREWORD 

The  first  three  papers  of  this  bulletin  represent  the  results  of  the 
efforts  of  Dr.  H.  J.  Stafseth  on  the  abortion  problem  for  the  year  1919. 
It  is  proper  to  state  that  the  author  began  this  work  immediately 
upon  terminating  his  connection  with  the  Veterinary  Corps  of  the 
U.  S.  Army  after  being  out  of  touch  with  the  problem  for  over 
two  years,  and  finished  his  work  rather  abruptly  because  of  a 
leave  of  absence  granted  him  to  enable  him  to  accept  a  veterinary 
position  with  the  Norwegian  Government,  None  of  the  problems  dis- 
cussed in  these  papers  is  fully  settled  but  for  the  reason  indicated  above 
it  is  thought  advisable  to  offer  this  material  for  publication.  Dr. 
Stafseth  has  made  a  distinct  contribution  to  the  scientific  understand- 
ing of  bovine  infectious  abortion  as  a  result  of  his  brief  but  careful  and 
intensive  studies. 

Mr.  I.  Forest  Huddleson,  now  in  chaise  of  the  abortion  investiga- 
tions, is  vigorously  pursuing  these  same  lines  of  research  and  reports 
on  his  findings  in  one  of  the  projects  in  Part  IV. 

WARD  GILTNEB. 
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STUDIES  IN  INFECTIOUS  ABORTION 

Teehnkal  Bulletin  No.  49. 
Part  I. 


BY  n.  J.  STAFSETH  AND  I.   F.  IIL'DDLESON. 

On  the  presence  of  Bacterium,  abortus   in   tbe   deeper  layers   of   the 
mucous  membrane  of  ttie  non-gravid  uteri. 


INTRODUCTIOX. 


The  results  of  investigations  on  infections  abortion  of  cattle  in- 
dicate that  Bad.  abortus  may  invade  the  uterus  only  during  pregnancy 
and  that  after  abortion  or  parturition  it  disappears  from  tbis  organ 
within  a  relatively  short  period. 

Cotton,  W.  E.  (1)  in  1913  stated  that  abortion  bacilli  may  per- 
sist in  the  genital  tract  for  as  niuch  as  forty-six  days  after  abortion. 

Schroeder,  E.  C,  and  Cotton,  W.  E.  (2)  (191fi)  kiUed  naturaUy  infect- 
ed, non-pregnant  cows  and  examined  the  following  organs,  tisaues  and 
fluids  for  abortion  bacilli :  spleens,  blood,  livers,  kidneys,  brains,  ovaries, 
uteri,  udders,  milk,  synovial  fluid  from  various  joints,  nerve  tissues, 
lymph  glands  from  all  parts  of  the  body  etc.  and  found  tbat  in  no  case 
was  Bact.  abortus  present  in  the  uterus,  "Although  in  all  cases 
two  or  more  quarters  of  the  udder,  the  juilk  from  the  infected  quarters, 
one  or  more  supra-mammary  lymph  glands  and  in  one  instance  some 
of  the  pelvic  lymph  glands  were  infected".  "Bact.  abortus  injected  into 
the  non-pregnant  uterus  disappeared  in  the  course  of  a  few  days."  They 
add  that  one  may  find  the  abortion  bacillus  up  to  fifty  days  after 
abortion. 

Again  in  1919  Cotton,  W.  E.  (3)  makes  the  following  statement: 
"The  organism  disappears  from  tbe  uterus  within  a  few  weeks,  com- 
monly not  to  exceed  two  or  three  after  abortion  or  parturition.  It 
persists  a  longer  time  if  the  after-^birth  ia  retained  than  if  the  cow 
cleans  properly."  The  longest  time  this  investigator  found  it  to  persist 
in  the  utenis  was  fifty-one  days.  In  order  to  determine  whether  abor- 
tion bacilli  might  be  discharged  with  the  estral  fluid,  large  doses  of 
Bact.  abortus  were  injected  intravenously  shortly  before  estrum.  Subse- 
quent examinations  of  the  estral  fluid  proved  negative. 

The  findings  of  Schroeder  and  Cotton  were  substantiated  by  Giltner 
and  Bandeen,  (4)  who  found  that  the  Bact.  abortus  disappeared  from 
the  uterus  within  twenty-one  to  twenty-eight  days  after  abortion  or 
parturition. 

Thus,  one  may  assume  that  the  Bact.  abortus  does  not  permanently 
establidi  itself  in  the  uterine  cavity.  Hoiwever,  knowing  that  cer- 
tain pathogenic  micro-organisms  exist  in  the  deeper  layers  of  the  skin 
and   in  the  crypts  oC  the  tonsils  and  intestinal  mucosa  without   any 
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apparent  or  gross  harmfal  effects,  although  the  tisanes  which  they  have 
invaded  are  ordinarily  Kusceptible  to  the  iafectiouB  characteriatics  e( 
SQCh  organifims,  one  might  aak  this  question :  Is  Bact.  abortus  able  to 
penetrate  into  the  deeper  layers  of  the  uterine  mucouB  membrane  and 
to  remain  there  as  the  cause  of  a  latent  infection? 

Hoping  to  throw  some  light  on  this  question  and  incideutally  fur- 
ther to  anbstantiate  the  findings  of  other  workers  on  the  persistence 
of  Bact.  abortus  in  the  genital  tract,  uteri  from  six  cows,  which 
were  killed  on  account  of  failure  to  conceive,  were  examined  In 
collaboration  with  Dr.  E.  T.  Hallman  of  the  Department  of  Animal 
Pathology.  All  these  cowa  had  aborted  and  came  from  herds  badly 
infected  with  abortion  disease.  The  complete  history  of  each  case 
will  be  included  in  a  paper  to  be  published  by  Dr.  HaJImau  on  the 
pathological  side  of  thds  work.  He  (7)  has  already  published  a  pre- 
liminary report  on  the  pathology  of  the  reproductive  organs  in  sterility. 
In  this  paper  there  are  given  deacriptiona  of  the  macroscopic  and  mi- 
croscopic appearancee  of  the  diseased  uterine  mucoaa  and  mention  is 
made  of  the  bacteria  aaaociated  with  the  procesaea.  In  the  present 
work  the  writer  has  attempted  to  make  cultures  from  such  portions  of 
the  uterine  wall  aa  are  described  by  Dr.  Hallman  as  being  diseased. 

The  number  of  cases  examined  ia  rather  amall  due  to  the  fact  that 
the  proper  kind  of  material  for  such  work  is  very  scarce.  In  order  that 
the  findings  should  carry  the  moat  posaible  wei^t  the  cows  should 
come  from  herds  where  abortion  ia  prevalent;  they  should  have  aborted 
and  preferably  developed  more  or  less  complications.  Subsequent  to 
abortion  they  ahduld  be  non-pregnant  at  the  time  of  sltrughtering  and 
abortion  should  have  occurred  not  less  than  two  months  previously. 
Furthennore,  the  uteri  should  reach  the  laboratory  in  the  very  beat 
of  condition  in  order  to  facilitate  the  examination  and  to  ensure  the 
most  accurate  results.  From  tbia  one  can  readily  underatand  that  no 
great  amount  of  material  would  be  available. 

OBNEBAL  TBCHNIC. 

The  uteri  were  examined  immediately  upon  being  brought  to  the 
laboratory  in  all  but  two  cases  which  were  brought  in  so  late  that  they 
had  to  be  placed  in  the  ice  box  over  night.  The  serous  surface  of  the 
uterine  horns  was  seared  with  a  hot  iron  and  an  incision  made  through 
the  horns  with  a  sterile  scalpel.  Through  these  incisions  swabs  were 
taken  from  the  mucous  membranea  of  the  boms.  In  case  any  pus  or 
other  exudate  was  present  samples  of  such  material  were  obtained  by 
means  of  sterile  awaba  or  pipettes.  The  horns  were  then  opened  and  the 
surface  of  the  mucous  membrane  scared  as  before.  Pieces  of  the  seared 
mncoua  membrane  of  the  size  of  a  pea  or  small  bean  were  now  cut  out 
from  different  places  showing  signs  of  pathological  diaages  and  ground 
in  a  mortar  with  sterile  saud  and  physiological  salt  solution.  As  al- 
ready noted  an  attempt  was  made  to  select  areas  showing  tiie  alight 
pathological  processea  often  found  in  these  cases  of  sterility  (7). 

Broth  and  agar  tubes  and  plates  were  now  inoculated  with  the 
various  samples,  the  cultures  divided  into  two  batches  and  placed  in  the 
Incubator  at  Sf^G.,  one-half  of  the  cultures  being  inoculated  under 
aerobic  and  the  other  half  under  anaerobic  conditions.    The  cultures 
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were  watched  dally  and  if  not  contaminated  tbey  were  allowed  to  re- 
main in  the  incubator  for  about  fifteen  days.  Any  plates  or  tubes  show* 
ing  abundant  growth  of  any  kind  were  taken  out  and  examined.  These, 
howerer,  were  few  in  nmnber.  Guinea  pig  inoculations  were  made 
from  all  samples  obtained,  the  swabs  being  rinsed  off  in  phyaological 
salt  solution.  The  pus  and  macerated  tissues  were  diluted  with  salt 
solution  to  obtain  a  suitable  suspension.  At  least  two  pigs  were 
injected  with  the  same  material,  one  receiving  1  c.  c,  and  the  other 
2  or  4  c.  c.  depending  upon  the  nature  of  the  inoculum.  After  thirty  to 
thirty-six  days  the  guinea  pigs  were  killed  and  a  careful  autopsy  made 
of  each  animal.  Pieces  of  tissues  were  cut  out  of  the  spleen,  liver, 
kidneys  and  testicles  of  each  pig  and  placed  on  agar  slants.  Plates 
were  also  inoculated  by  making  streaks  across  the  surface  with  small 
pieces  of  tissue  or  a  platinum  wire.  A  blood  sample  was  taken  from 
each  guinea  pig  and  later  tested  with  the  complement  fixation  and 
aigglutination  test  for  Bact.  abortus  antibodies. 
The  following  table  shows  the  results  obtained : 


No.  or 

"'SS' 

Dateot 
atlon 

"SS'"" 

Iaye'^'"or^^0Ba 

anlmaUdt 

29 

FannA 

March  3, 

KtgSiiSK:" 

iistsjsar 

staph,  pyog.  Blbui 

03 

>Mln  A 

ManAS. 

.«»«.» 

63 

FarmA 

m9   ' 

Micrococcus 
B.  Bubdlla 

B.  subtlliB 

None 

S 

Fum  A 

March  13, 
1916 

None 

B.  coll  commuiilOT 

Nona 

8 

FumA 

March  23, 
1919 

is™'"""" 

Hon. 

NODO 

H.  M. 

FumB 

"B,i=' 

Tfkhobacterium 

None 

(1)  Note — 50  Eulnea  piga  were  Inoculated  with  malerlal  from  iwabi,  pua.  and  macerated  tiaauea. 
Blood  saniples  wcfs  taken  from  each  animal  aX  the  lime  of  aulopar  and  leated  far  Bad.  ahm-ium  aotl- 

bodiea  br  the  complement  fliation  and  agclutinatlon  leeta.    The  ai '~  ~' * — 

plement  Diatton  Iw" "'■  ""■  "'■   ~"  "-     '-  "■"  -"~'"'i' 

or  abortion  badlll.  ' 


DISCUSSION. 


As  our  main  object  was  to  see  if  the  Bact.  abortus  could  be  found  in 
these  organs,  no  effort  was  made  to  determine  the  microbial  flora  of  the 
genital  tract.  Work  along  these  lines  has  been  conducted  under  the 
direction  of  Dr.  Ward  Oiltner  and  a  report  of  the  results  obtained  was 
made  by  Keck  in  1917  (5).    During  the  years  of  1918  and  1919  Oiltner 
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and  Bandeeo  made  further  bacteriological  studies  which  gave  additional 
information  relative  to  the  microbial  flora  of  the  genital  organs  of  cattle. 
It  will  be  noticed  from  table  1  that  none  of  the  cases  examined  showed 
a  great  variety  of  organisms.  In  four  cases  the  organisms  obtained  from 
the  surface  of  the  mucous  membrane  were  also  obtained  from  the  deeper 
layers.  In  one  case,  B.  coli  communtor  was  obtained  from  the  deeper 
layers  and  not  from  the  surface  of  the  mucous  membrane.  la  another 
case,  B.  coli  communis  was  found  in  the  pus  of  the  right  horn  and  not 
any  other  place.  Only  in  two  cases  did  we  obtain  any  organisms  from 
the  tissues  of  the  inoculated  guinea  pigs  and  those  organisms  were  also 
found  by  the  direct  culture  method.  The  blood  samples  from  the  guinea 
pigs  were  all  negative  to  the  complement  fixation  and  agglutination  tests 
for  Baet.  abortus  antibodies. 

CONCLUSIONS. 

The  cases  examined  are  not  sufBcient  in  number  to  warrant  as  to 
draw  any  definite  conclusions.  However,  in  view  of  the  fact  that  all  the 
animals  examined  had  aborted  and  came  from  herds  where  abortion 
was  prevalent  at  the  time  when  these  cows  were  slaughtered,  one  may 
feel  justified  in  considering  the  results  obtained  as  additional  evidence 
that  the  Baet.  abortus  does  not  persist  indefinitely  in  the  genital  tract 
and  does  not  penetrate  into  the  deeper  layers  of  the  mucous  membrane 
and  remain  there  as  a  latent  infection. 
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Part  II. 

B.  J.   STAF3BTH. 

A  few  notes  on  the  isolation  and  cultivation  of  Bacterium  abortus  witli 
special  reference  to  liver  and  spleen  media. 

INTEODUCnON. 

To  isolate  Boot,  abortus  is  not  always  an  easy  task  and  sometioies  it 
is  even  more  difficnlt  to  keep  a  recently  isolated  strain  growing.  One 
may  obtain  colonies  whicti  answer  to  the  description  of  those  of  Bad. 
abortus,  but  may  find  it  impossible  or  at  least  very  bard  to  get  satis- 
factory subcultures.  This  consequently  retards  the  progress  of  abortion 
investigation.  Abortion  bacilli  are  usually  fouud  in  association  with 
other  organisms  which  grow  well  on  artificial  m^ia,  and  may  thus  out- 
grow the  former  and  make  it  almost  impossible  to  secure  pure  cultures. 

Giltner  (1)  has  called  attention  briefly  to  the  use  of  me^a  made  from 
the  uterine  wall,  fetal  membranes,  fetus  and  amniotic  fluid.  The  last 
named  was  used  successfully  alone  and  with  the  addition  of  agar  or- 
gelatin  or  both.    Huddleson  (2)  used  the  following: 

BJood  clot  agar  (blood  clot  one  volume,  water  two  volumes) ; 

Ascitic  agar  (ascitic  fluid  taken  from  fetus) ; 

Amniotic  agar  (fluid  taken  from  amniou) ; 

Fetal  agar  (aborted  fetus  ground  and  made  up  as  meat  infuaiou) ; 

Glycerin  agar  and  plain  agar  varying  la  degree  of  acidity. 

He  reports  the  following  results:  "Bad,  abortus  grew  well  on  all 
media  excepting  glycerin  agar,  and  plain  agar  made  neutral  or  1.5  acid 
to  phenolphthalein.  Plain  meat  infusion  agar  or  blood  clot  agar  made 
1.2  acid  to  phenolphthalein  are  much  more  to  be  preferred  for  the  grow- 
ing of  Bad.  abortus  owing  to  the  fact  that  the  organism  can  be  isolated 
on  these  media  without  difiSculty  when  anaerobic  conditions  are  employed 
(Nowak).  One  should  never  attempt  to  isolate  Bact.  abortus  without 
employing  the  anaerobic  method.  The  writer  has  found  that  it  is  ab- 
solutely impossible  to  isolate  the  organism  under  aerobic  conditions." 

Smillie  (3)  has  improved  on  the  method  of  isolating  abortion  bacilli 
from  mixed  cultures  through  guinea  pigs  inasmuch  as  he  has  shown 
that  this  organism  may  be  found  in  great  numbers  in  tbe  spleen  of  a 
guinea  pig  three  to  four  weeks  after  inoculation.  The  method  described 
by  Smillie  has  been  employed  with  success  in  this  laboratory,  but  much 
time  has  often  beeu  wasted  in  trying  to  make  subcultures  grow  satis- 
factorily. The  direct  culture  method  as  described  by  Theobald  Smith 
(4)  has  also  been  employed  and  has  met  with  success  as  far  as  obtaining 
the  first  culture  is  concerned ;  but  here  again  the  same  difSculty  as  that 
mentioned  above  was  sometimes  encountered.  Although  attempts  to 
isolate  new  strains  invariably  were  successful  in  the  end,  it  was  felt 
that  if  some  medium  could  be  made  or  some  method  devised,  which  would 
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further  simplify  and  facilitate  the  isolatioa  and  subsequent  calKvatioitt 
of  the  abortion  bacillus,  much  would  be  gained.  With  this  point  in  mind 
some  experiments  have  been  carried  out  in  this  laboratory  during  the 
past  sir  months  with  promising  results. 

BXPIRIMBNTAL   WORE. 

Employing  the  animal  inoculation  method  as  described  by  Smillie,  it 
was  found  that  when  the  tubes  were  placed  in  an  anaerobic  jar  and  the 
air  was  exhausted  by  a  suction  pump  good  growth  was  obtained  in  three 
to  four  days.    The  employment  of  an  anaerobic  jar  in  this  way  is  more 


Fte.  I   ihowB   Ibe   growth  of  a   r«cenUr   iMlatpd   atPnlD  on    (1)    DUln   igar,    (4)    tplMD 
itarcn  anr  and    (8)    plalD   Urer  agar  alter  tncabatiDK  lor   Bftr-two   boon.     Tli«M  VDltilTM    i 
were  maae  from  the  lint  lubcalture  obtained  after  the  laolatlou  ol  the  atraln.  H)QlC 
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efficient  and  far  more  convenient  than  to  seal  each  tube  separately  with 
sealing  war.  By  placing  the  tubes  next  to  the  wall  of  the  jar  one  can 
qnite  easily  detect  growth  without  having  to  open  the  jar.  The  growth 
obtained  by  this  method  was  usually  so  abundant  that  heavy  trans- 
plants could  be  made,  thus  making  it  easier  to  get  growth  on  the  first 
subculture.    However,  when  transplants  were  made  from  the  latter,  the 


BiK-  II  Ihowi  coloDlei  of   Baet.  aborlii*  srown  an   plain   liver  asar.    This   ptste   la  one 
at  elirbt  Dlatea  made  br  maklu  itreaka  vita  a  platinum  needle  directly  from   tbe  Btunacb 
I  ftre-montba-old  letoB.    On  ali  platea  pure  cultunia  were  obtained  wblle   two 
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growth  waB  usuall;  found  to  be  ezceedingl;  alov.  By  adding  one  per 
cent,  starch  or  one  per  cent,  dextrose  or  both  to  the  mediom,  it  vaa 
found  that  the  growth  would  progress  more  rapidly.  Later  it  was  fonnd 
that  excellent  growth  could  be  obtained  by  employing  spleen  and  liyer 
media  in  place  of  beef.  The  composition  of  these  media  does  not  differ 
from  that  of  ordinary  beef  agar  except  for  the  substitution  of  liver  and 
spleen  in  the  infusion  in  place  of  b^t.  The  amount  of  spleen  or  liver 
added  per  liter  of  water  is  the  same  as  that  of  beef.  It  was  found  that 
the  spleen  media  were  improved  by  the  addition  of  one  per  cent,  starch, 
or  one  per  cent,  dextrose  or  both  j  while  the  liver  agar  did  not  require 
the  addition  of  carbohydrates. 

In  order  to  compare  the  value  of  various  media  for  the  cultivation 
of  Bact.  abortus  three  laboratory  strains  were  selected  and  incubations 
made  as  shown  in  Table  I. 

Strain  "W"  has  been  io  the  laboratory  for  several  years  and  has  al- 
ways grown  well  on  artificial  media.  Btrain  15  was  isolated  In  1916 
and  grew  very  poorly  for  six  months  or  more  previous  to  employing 
spleen  and  liver  media. 

Strain  XX  was  isolated  in  the  spring  of  1919  and  has  grown  about  as 
well  as  the  average  of  our  laboratory  strains. 

SUM  MABT. 

Ijiver  and  spleen  media  have  been  employed  in  this  laboratory  by  ■ 
the  writer  for  more  than  six  months  and  have  given  good  results.  Strains 
of  the  abortion  bacillus  have  been  isolated  more  easily  by  the  aid  of  these 
media.  As  is  shown  in  Table  I,  there  is  very  little  or  no  difference  be- 
tween plain  liver  media  and  spleen  media  containing  carbohydrates  in 
the  form  of  starch  or  dextrose. 

Some  strains  have  been  found  to  possess  certain  Idiosyncrasies,  thus 
making  it  necessary  to  employ  various  media  in  order  to  find  one  that 
will  produce  the  desired  results.  In  some  cases  it  may  be  necessary  to 
make  the  first  transplant  from  a  newly  isolated  strain  into  broth,  before 
being  able  to  grow  the  organisms  efBciently  on  agar  slants. 

The  employment  of  B.  suhtilia  as  a  means  of  producing  anaerobiosis 
was  found  to  be  unnecesaary  as  the  use  of  a  glass  jar  from  which  the  air 
can  be  partly  exhausted  with  a  suction  pump  has  given  satisfactory 
results. 
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Part  III 

H.  J.  arcArsBTH. 

On  tbe  possibility  of  difFereutiatiag  l>etween  infected  and  immune 
animals  in  infectious  abortion. 

INTBODUCTION. 

In  studying  tlie  relation  between  path<^enic  microorganisma  and 
their  hosts  we  find  that  three  different  conditions  may  exist,  namely: 
1.  presence  of  microparasites  on  the  skin  or  mucous  membranes;  2.  in- 
vasion of  the  tissues  by  the  microparasites  without  the  production  of 
any  sign  of  disease;  and  3.  infection,  the  coudition  in  which  morbid 
changes  have  resulted  and  symptoms  of  disease  may  l>e  noticeable. 
InfectioD  with  some  organisms  results  in  a  short  time  in  the  appear- 
ance of  symptoms  of  a  more  or  less  alarming  nature.  In  such  cases 
the  disease  may  be  checked  and  serious  consequences  prevented.  Other 
infections  are  insidious  in  their  nature  and  no  symptoms  appear  l>e- 
fore  it  is  too  late  to  ward  off  the  attack.  In  some  of  these  infections 
Uie  first  sign  of  abnormality  is  a  manifestation  of  the  actual  damage  done. 
Infections  abortion  comes  under  this  class  of  diseases, — the  dropping 
of  the  fetns  is  the  sign  of  disease  apparent  to  tbe  owner;  but  in  infec- 
tious abortion,  we  can  conceive  of  all  three  of  the  above  mentioned 
relationships  between  invader  and  host.  The  calf,  the  nonpregnant 
heifer  and  cows  which  are  exposed  to  infection  must  surely  be  subject 
to  surface  contamination  or  to  tissue  invasion;  while  the  pregnant 
animal  probably  being  in  a  stage  of  susc^tibility  may  contract  the 
infection  and  show  no  outward  manifestation  thereof  for  weeks  or 
months.  Then  with  slight  warning,  the  final  manifestation  of  abor- 
tion may  take  place  and  we  have  gross  evidence  of  disease.  SiHue 
animals  which  are  suceptible  to  a  certain  disease  may  develop  a  re- 
sistance but  continue  to  harbor  and  to  disseminate  the  organisms,  thus 
endangering  the  safety  of  other  animals.  This  condition  is  also 
recognized  in  infectious  abortion. 

In  an  effort  to  overcome  the  confusion  that  has  existed  for  a  long 
time  relative  to  the  naming  of  abortion  disease,  Giltuer  (1)  has  pre- 
sented a  defense  of  the  term  infectioua  abortion  making  it  appear  per- 
missible to  use  this  term  to  include  all  the  manifold  nkanifestations 
of  the  disease  and  its  complications- 
It  is  well  known  that  animals  infected  with  abortion  bacilli  will 
in  most  cases  develop  complement  fixing  and  agglutinating  antibodies, 
but  the  presence  of  these  substances  does  not  necessarily  mean  that 
an  animal  will  expel  her  calf  nor  does  the  absence  of  such  antibodies 
mean  that  it  will  not  expel  her  calf.  In  tbe  experimental  herd,  at  this 
station,  cows  bave  carried  normal  calves  to  full  term  and  yet  their 
blood  ^owed  positive  reactions  to  the  complement  fixation  and  a^luti- 
nation  tests.  On  the  other  hand  there  are  cows  in  the  same  herd 
which  showed  the  first  positive  test  at  or  about  the  time  of  abortion. 
Then  again  there  are  cows  which  will  give  positive  complement  fixation 
and  agglutination  tests  while  there  are  good  reasons  to  believe  ^al 
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tbe  infections  stage  is  past.  These  tests  merely  show  then,  that  com- 
plement fixing  and  agglutination  antibodies  are  present  in  the  blood 
of  snch  animals  and  since  the  tests  mentioned  are  specific  for  Bact. 
abortus  infection,  it  is  certain  that  reacting  animals  are  or  have  at 
some  time  been  infected  with  this  particular  organism. 

It  has  been  suggested  that  before  bnying  an  animal  it  should  be 
tested  with  one  or  both  of  these  tests,  and  if  the  animal  reacts  one 
should  not  buy  it  If  that  cow  were  immune  and  did  not  harbor  tbe 
Bad.  abortus  in  her  body,  would  it  not  be  safe  to  introduce  her  into 
any  herd?  Then  again  the  cow  might  show  negative  teats  and  still 
abort  after  being  placed  into  a  new  herd.  Immunization  with  Bad. 
abortus  vaccines  aud  bacterines  is  being  eucouraged  but  is  not  yet 
fully  accepted  as  a  reliable  means  of  prevention,  and  there  is  no  test 
which  will  estimate  the  degree  of  immunity  in  the  vaccinated  animal. 

It  is  difficult  to  accurately  measure  the  value  of  immunizing  agents 
in  infectious  abortion  for  a  number  of  reasons.  Results  are  very 
apt  to  be  post  hoc  non  propter  hoc  due  to  the  development  of  a 
natural  resistance  with  age  or  to  an  acquired  immunity  from  previous 
invasions  or  infections  by  Bad.  abortaa.  Furthermore,  it  is  quite  im- 
proper to  eetimate  results  wholly  on  the  basis  of  fetuses  lost  or  de- 
livered prior  to  full  term  since  the  loss  of  the  fetus  is  only  one  of  the 
serious  manifestations  of  abortion  disease  of  cattle. 

If  some  test  could  be  perfected  through  which  a  distinction  might 
be  made  between  infected  and  immune  animals  it  would  greatly  facili- 
tate future  research  on  infectious  abortion.  The  work  of  Fleiachner 
and  Ueyer  (2)  indicates  that  such  a  thing  may  be  possible.  These 
investigators  found  that  guinea  pigs  infected  with  Bad.  ahortus  gave 
a  definite  and  specific  reaction  to  the  intradermal  "abortin"  test,  while 
guinea  pigs  treated  with  a  suspension  of  dead  abortion  bacilli  failed  to 
react.  Botb  infected  and  injected  (with  dead  organisms)  pigs  reacted 
to  tbe  complement  fixation  and  agglutination  tests.  The  intradermal 
"abortin"  test  had  previously  been  employed  by  Reichel  and  Harkins 
(3)  in  cattle.  After  having  examined  three  herds,  a  total  of  seventy 
animals,  in  which  thirty-nine  abortions  had  occurred  they  found  that 
all  animals  reacted  to  either  the  complement  fixation  test  or  the  ag- 
glntioation  test  or  both  and  twenty  animals  reacted  to  the  intrader- 
mal "abortin"  test.  Five  animals  that  reacted  to  the  "abortin"  test 
bad  not  aborted  but  were  from  herds  where  abortion  disease  was  prev- 
alent Herd  No.  B.  consisting  of  five  animals  showed  a  normal  his- 
tory with  no  abortions,  all  animals  showed  rea<ctioB  to  one  or  both 
serum  tests  but  none  reacted  to  the  intradermal  test.  In  view  of  their 
resolts  they  concluded  that,  "With  much  to  be  desired  in  the  applica- 
tion and  interpretation  of  all  the  tests  or. means  at  hand  to  establish 
a  diagnosis,  the  intradermal  abortion  test  deserves  recognition  iu  that 
it  can  be  applied  by  the  veterinarian  without  assistance." 

Experiments  on  the  intradermal  test  were  started  by  the  writer  in 
the  early  part  of  tbe  summer  of  1919  and  the  following  data  represent 
the  results  thus  far  obtained. 
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Two  kinds  of  abortin  were  employed,  namely:  The  alcohol-ether 
extract  of  Bact.  abortus  as  prepared  by  Fleischner  and  M^er  (2)  and 
the  bacillary  auspension  of  the  same  organisms  as  prepared  by  Eeichel 
and  Harkins  (3).  The  latter  is  more  easily  prepared  and  was  found 
to  give  better  results  than  the  former.  In  place  of  attempting  to  esti- 
mate the  number  of  bacteria  per  cubic  centimeter  by  counting  the 
organisms,  tube  No.  7  of  McFarland's  nephelometer  was  selected  as 
a  standard  for  the  opacity  of  the  suspension.  After  finding  that  the 
su£f>ension  of  dead  bacilli  produced  better  results  tiian  the  alcohol 
ether  extract  the  former  was  used  exclusively. 

AFPLICAIION    OF  THB   tNTRADBRM  AL  TEST  TO   GUINEA   FIQS.  ' 

An  area  of  the  abdomen  of  about  three  square  cm.  was  clipped, 
shaved  and  disinfected.  Into  the  skin  of  this  area  0.1cc.  of  bacillary 
suspension  was  injected  with  a  27.5  gauge  needle.  A  swelling  of  the 
size  of  a  split  pea  should  appear,  the  color  of  which  should  be  char- 
acteristically whitish  when  working  with  light  colored  guinea  piga. 
This  swelling  should  not  have  a  tendency  to  disappear  immediately  nor 
to  diffuse.  If  this  occurs  it  is  an  indication  that  the  material  is  being 
injected  snbcutaneously  and  the  injection  should  be  repeated  in  a  dif- 
ferent place.    Readings  are  taken  forty-eight  hours  after  injection. 

TBB  RSACnON. 

The  reaction  consists  of  an  area  of  induration  varying  in  size  from 
0,5cm.  to  1.5cm.  in  diameter  and  appearing  about  2i  hours  after  the 
injection.  In  exceptional  cases  indurated  areas  of  2cm.  in  diameter 
have  been  found.  At  first  a  decided  redness  over  the  swelling  is  noticed 
in  guinea  piga  with  light  colored  ^in.  As  the  induration  increases 
the  redness  disappears  and  is  followed  by  a  color  similar  to  that  of 
cartilage.  At  the  end  of  two  or  three  days  an  area  of  necrosis  ap- 
pears in  the  center  of  the  swelling.  These  areas  of  necrosia  have  heea 
found  to  vary  from  0,2  cm.  to  1.5  cm.  in  diameter.  Employing  the 
alcohol-ether  extract  it  was  found  that  the  reaction  would  appear 
and  disappear  more  quickly  than  when  the  baciUary  suspension  was 
used.  In  cases  where  the  former  test  fluid  was  used  the  reaction  would 
be  at  its  height  at  the  forty-eighth  hour  and  would  be  almost  unnotice- 
able  ai  the  end  of  four  to  five  days.  When  employing  the  latter  prepara- 
tion the  reaction  would  as  a  rule  gradually  increase  up  to  the  fourth 
day  and  then  gradually  diminish,  seldom  disappearing  entirely  before 
the  tenth  day  after  the  application  of  the  test. 

THB    COMPLEMENT    FIXATION   TEST. 

The  method  employed  in  the  complement  fixation  test  was  that  des- 
cribed in  Giltner's  Manual  of  General  Bacteriology  (4)  with  the  follow- 
ing changes :  A  two  per  cent.  Suspension  of  blood  cells  was  used  in  place 
of  ne  per  cent;  two  times  the  known  titre  of  complement  was  used  in 
the  titration  of  antigen  and  the  test  proper;  .01,  .02,  .01,,  and  .005  c.  c.  of 
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atupect  serum  was  used  in  the  order  named  instead  of  .01,  .02,  and  .04  c.  c. 
The  testa  were  read  after  incubating  for  half  an  hour  subsequent  to 
the  addition  of  hemolysin  and  blood  cells.  The  hemolysin  was  pro- 
duced by  injecting  0.75,  1.5  and  3  c.  c.  of  pure  washed  blood  cells  in- 
trapenously  every  other  day  then  waiting  seven  days  before  bleeding. 
No  glycerin  was  added  to  the  antigen. 

THE  AGGLUTINATION  TEST. 

The  antigen  was  prepared  by  growing  several  strains  of  Bact.  abortus 
on  plain  agar  for  forty-eight  iiours,  then  washing  off  the  slants  with 
physioli^cal  salt  solution  fontaining  phenol  (0.5  per  cent.)  The  anti- 
gen was  diluted  with  physiole^ical  salt  solution  until  the  opacity  of 
the  bacterial  suspension  corresponded  with  1.5  of  McFarland's  nephel- 
ometer.  Two  cubic  centimeters  of  antigen  were  added  to  eafb  of  four 
tubes  and  0.4,  0.2,  0.1  and  0.05  c.  c.  of  serum  diluted  one  to  ten  were  added 
in  the  order  named.  The  tubes  were  incubated  for  two  hours  at  37°C. 
then  left  at  room  temperature  for  twenty-four  hours  and  readings  taken 
at  that  time. 

DETRBUINATION   OF    SI'ECIFICITT  OF  THE    INTRADERMAL  TEST. 

Series  I. 
Nine  guinea  pigs  were  given   intraperitoneal   injections  of  live  cul- 
tures of  Bact.  abortus.    Complement  fixation,  agglutination  and  intra- 
dermal tests  were  run  eight,  sixteen,  twenty-four  and  thirty-two  days 
after  injection.    Every  animal  developed  positive  reactions  to  all  tests. 

Series  2. 

Nine  guinea  pigs  were  injected  with  a  suspension  of  killed  Bact.  abor- 
tus for  the  purpose  of  immunization.  Each  pig  received  approximately 
two,  four  and  eight  billions  of  bacteria  intraperitonealty  at  five-day  in- 
tervals. Tests  were  run  eight,  sixteen,  twenty-four  and  thirty-two  days 
after  the  last  injection.  All  pigs  developed  positive  reaction  to  the  com- 
plement fixation  and  agglutination  tests  while  none  reacted  to  the  in- 
tradermal test. 

Series  3  and  4. 

The  work  recoKled'  under  .leries  1  and  2  was  repeated  using  B.  typhosus 
in  place  of  Bact.  abortus.  While  all  of  the  eighteen  pigs  developed  posi- 
tive reactions  to  the  agglutination  test  using  typhoid  bacilli  as  antigen, 
none  reacted  to  the  intradermal  abortin  test. 

Series  5. 
Nine  pigs  infected  with  Bact.  tuberculosis  were  tested  with  the  in- 
tradermal abortin  test  eight,  sixteen,  twenty-four,  and  thirty-two  days 
after  inoculation.  None  of  these  pigs  reacted  to  the  test.  AU  pigs  died 
of  tuberculosis.  One  of  these  pigs  died  twenty  days,  and  two  of  them 
about  thirty  days  after  inoculation. 

irVBGT  OF  ATTBHFTED  IHUUNIZATION  ON  THE  INTRASDRUAL  KBACnON. 

In  order  to  see  if  attempted  immunization  prior  to  or  after  infection 
would  have  any  effect  on  the  intradermal  test,  fifty-four  guinea  pigs 
were  subjected  to  various  treatments  as  shown  in  the  following  tables. 
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The  results  obtained  in  series  1,  2,  3,  4,  and  5  show  that  guinea  pigs 
infected  with  BiKt.  abortus  will  teact  to  the  intradermal  abortin  test 
while  those  which  are  treated  with  dead  cultures  only  fail  to  react  The 
results  also  indicate  that  the  reaction  is  specific  for  Bact.  abortut  in- 
fection since  pigs  subjected  to  treatments  with  live  or  dead  typhoid  . 
bacilli  and  live  tubercle  bacilli  showed  no  reaction  to  Boot,  abortus  anti- 
gens whatever. 

Tables  1,  2,  and  4  and  series  6  show  that  treatment  with  dead  cultures 
of  Boot,  abortus,  whether  administered  before  or  after  infection,  does  not 
in  any  way  prevent  the  development  of  cutaneous  hypersenaitiveness. 
It  is  also  evident  that  this  treatment  does  not  protect  guinea  pigs 
against  infection  through  injection  or  ingestion  of  live  cultures  if  the 
intradermal  test  is  a  true  index  of  infection.  In  table  3,  there  is  an 
apparent  discrepancy  as  pigs  82,  84,  and  87  which  were  not  intentionally 
exposed  to  infection  by  the  writer  developed  positive  reactions  to  aU 
tests.  This,  however,  may  easily  be  acconnted  for  as  the  two  cages  in 
which  these  pigs  were  kept  stood  so  close  together  that  infection  might 
readily  be  carried  from  one  cage  to  the  other  with  dnst  or  straw,  which 
the  pigs  might  kick  through  the  wire  netting.  The  extreme  susceptibil- 
ity of  the  guinea  pig  to  Bact.  abortus  infection  is  brought  out  by  this 
occurrence,  as  the  amount  of  live  culture  introduced  into  the  first  cage 
was  very  small. 

In  analyzing  the  results  obtained  in  table  4  and  series  "No.  6  it  will 
be  noticed  that  the  four  males  placed  with  the  females  developed  positive 
reactions  to  all  tests  employed.  This  shows  that  guinea  pigs,  which 
are  infected  with  Bact.  abortus,  must  discharge  the  organism,  as  the 
infection  of  the  males  could  be  explained  in  no  other  way.  Great  care 
was  exercised  not  to  bring  any  infection  into  these  pens.  The  fact  that 
the  treated  (with  lipo-vaccine)  females  listed  in  table  4  raised  nine 
young  pigs  between  Oct.  4,  1919,  and  Jan.  6,  1920,  while  the  females  in 
series  6,  failed  to  raise  a  single  one  may  be  of  some  significance.  Abor- 
tions occurred  in  both  pens  due  possibly  to  handling  while  in  advanced 
pregnancy,  but  as  will  be  noticed  from  table  4,  the  pigs  were  not  handled 
very  often. 

Many  of  the  guinea  pigs  in  these  experiments  became  very  much 
emaciated  and  showed  signs  of  paralysis  or  extreme  weakness.  This 
was  especially  true  of  those  pigs  which  were  treated  with  dead  cultures 
subsequent  to  infection. 

The  exact  cause  of  this  is  not  known,  nor  will  an  examination  be  at- 
tempted at  this  time.  Some  of  the  females  in  series  6  and  two  or  three 
of  those  listed  in  table  4  showed  signs  of  this  same  affection.  Several 
of  them  died,  but  those  which  recovered  from  ,the  first  effects  of  tiie 
treatments  developed  no  untoward  after  effects. 

In  view  of  this  work,  it  appears  that  the  general  condition  of  an 
animal  as  regards  infection  and  the  condition  of  the  nterus  as  regards 
abortion  do  not  correspond.  If  the  lipo-vaccine  was  instrumental  in 
protecting  the  females,  which  gave  birth  to  and  raised  the  nine  normal 
pigs,  against  the  harmful  effect  of  the  abortion  bacillus,  the  local  evi- 
dence of  this  fact  is  the  absence  of  abortions  and  the  systemic  evidence 
the  production  of  complement  fixing  and  agglutination  anlabodles.    The 
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pTotection  could  not  be  aati-bacterial  as  the  pigs  continbed  to  discharge 
abortion  bacilli  as  evidence  by  the  infection  of  the  males.  Further- 
more the  intradermal  test  indicates  the  presence  of  live  abortion  organ- 
isms in  the  body,  as  it  has  been  shown  throughout  this  work  that  positive 
reaction  to  the  intradermal  abortin  test  develops  only  as  a  reanlt  of  in- 
fectioD  with  the  abortus  bacillus. 

The  fact  that  an  animal  once  has  been  infected  does  not  mean  that 
it  will  continue  always  to  react  to  the  intradermal  test.  This  is  indi- 
cated by  experiments  performed  on  cattle.  Three  calves  were  tested 
shortly  after  being  bom  by  the  serum  and  intradermal  tests.  Two  were 
positive  to  all  tests  and  one  was  n^ative.  The  latter  was  then  infected 
witb  Bact.  abortus  by  intravenous  injection  and  developed  positive  re- 
actions to  a  very  marked  d^ree  to  all  tests.  On  repeated  testing  it  was 
found  that  all  three  animals  ceased  reacting  to  the  intradermal  test. 
The  two  naturidly  infected  calves  reacted  to  the  intradermal  test  some 
time  after  the  reaction  to  the  other  teats  had  disappeared.  In  one  case 
an  intradermal  reaction  was  obtained  three  months  after  the  other  testa 
h!ad  become  negative.  When  the  animal  was  tested  six  weeks  later,  it 
was  found  negative.  The  artificially  infected  calf  was  a  male,  while  the 
other  two  were  females.  The  former  showed  positive  complement  fixa- 
tion and  agglutination  tests  after  the  intradermal  test  failed  to  pro- 
dace  a  reaction.  The  complement  fixing  and  agglutinating  antibodies 
were,  however,  diminishing  quite  noticeably  as  evidenced  by  weaker  re- 
actions. These  results  support  the  idea  that  a  permanent  infection  in 
calves  is  improbable. 

Complement  fixation  and  agglutination  tests  were  run  on  the  blood 
sera  and  milk  of  several  cows.  Bacteriological  examinations  in  the 
form  of  guinea  pig  inoculations  were  also  made  of  the  milk  from  these 
cows.  The  work  on  the  milk  was  done  by  Huddleson  of  this  laboratory. 
Intradermal  tests  run  on  these  cowa  compared  with  the  other  tests  and 
examinattons  su^^est  that  this  test  may  be  employed  as  a  means  of  de- 
tecting the  animals  which  harbor  live  abortion  orgaDisms  in  their  bodies. 
However,  the  work  in  cattle  has  not  progressed  sufSciently  to  warrant 
any  definite  conclusions.  Work  along  these  lines  will  be  continued  by 
Mr.  Hnddleson  and  it  is  hoped  that  the  test  may  be  perfected  so  that  the 
carrier  of  Bact.  abortus  can  be  detected  and  distinguished  from  the  ani- 
mals which  merely  have  the  abortion  antibodies  in  their  serum. 

Beichel  and  Harkins  (3)  tested  seventy  animals  and  all  reacted  to 
either  one  or  both  of  the  complement  fixation  and  agglutination  tests 
while  only  twenty  reacted  to  the  intradermal  test-  Out  of  the  three 
herds  tested,  one  herd  showed  a  normal  history  while  in  the  other  two 
abortions  had  occurred.  In  all,  thirty-seven  animals  had  aborted,  one 
having  aborted  three  times.  Might  it  not  be  possible  that  the  thirty-seven 
animfUlB  in  those  herds  were  the  ones  which  were  actually  infected,  while 
the  others  were  immune?  If  sucface  presence  or  tissue  invasion,  pure 
and  simple,  are  possible  with  the  Bact.  abortus,  then  it  is  questionable 
whether  the  intradermal  test  would  detect  such  a  condition.  Would  the 
agglutination  and  complement  fixation  test  detect?  On  the  other  hand, 
it  seems  within  reason  to  believe  that  en  infection  may  be  detected  by 
this  test  in  cattle  as  well  as  in  guinea  pigs. 
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COMCLUSIOMS. 


1.  The  intradermal  abortion  test  is  a  reliable  and  specific  test  for 
Bact.  abortus  infection  in  guinea  piga. 

2.  Guinea  pigs  injected  with  dead  cultures  of  Bact.  abortua  do  not 
react  to  the  intradermal  abortin  teat 

3.  The  physiological  salt  suspension  of  Bact.  abortus  is  the  best  type 
of  abortin  so  far  employed. 

4.  Treatment  with  dead  cultures  before  or  after  infection  does  not 
affect  the  intradermal  reaction. 

6.  Treatment  with  dead  cultures  does  not  protect  guinea  pigs  against 
infection  with  Bact.  abortus. 

6.  Detection  of  infectious  abortion  in  cattle  may  be  possible  by  means 
of  the  intradermal  abortin  test 
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STUDIES  IN  INFECTIOUS  ABORTION. 

The  I&olation  of  Bacterium  abortus  from  Milk. 

Part  IV. 

I.   FOREST   IIUDDLESON, 
INTEODUCTION. 

The  rdle  which  infected  udders  play  in  dissemiuatiag  the  abortion 
bacUluB  has  been  studied  by  a  number  of  iavestigatora.  It  now  becomes 
apparent  to  those  familiar  with  infectious  abortion,  that  the  control  and 
prevention  ol  this  disease  will  depend  largely  upon  the  early  diagnosis 
and  bacteriological  superFision  of  temporary  or  potential  carriers.  The 
occurrence  and  continued  presence  of  Bact.  abortus  in  milk  coming  from 
apparently  normal  cows  are  now  established  facts,  and  furnish  us  a  very 
important  carrier  problem. 

In  order  to  study  successfully  the  occurrence  of  Bact.  abortus  in  milk, 
the  knowledge  and  application  of  reliable  methods  which  will  permit  the 
isolation  of  the  infecting  organism  is  absolutely  necessary,  r^ardless 
of  the  number  present.  The  methods  employed  by  previous  investi- 
gators in  studying  the  presence  of  Bact.  abortus  in  milk  have  their  dis- 
advantages and  have  not  been  entirely  successful.  Fabyan  (1)  and 
Schroeder  (2)  working  independently  demonstrated  the  presence  of 
Bact.  abortus  in  milk  by  means  of  guinea  pig  inoculation.  This  method 
is  reliable  but  has  a  disadvantage  in  that  it  takes  from  eight  to  ten  weeks 
for  the  characteristic  lesions  to  develop,  and  a  large  number  of  guinea 
pigs  is  necessary  when  a  number  of  milk  samples  is  to  be  studied. 
Cooledge  (3)  studied  the  presence  of  Bact.  abortus  in  milk  by  means  of 
the  agglutination  test.  This  method  is  not  wholly  satisfactory  owing 
to  the  fact  that  a  positive  reaction  to  the  agglutination  test  does  not 
always  indicate  the  presence  of  the  organism.  Evans  (4)  in  studying 
samples  of  milk  from  a  large  number  of  cows,  by  employing  cultural 
methods,  failed  to  isolate  Bact.  abortus  from  the  milk  of  cows  which  had 
aborted  as  a  result  of  natural  infection.  She  succeeded,  however,  in 
isolating  the  organism  from  the  milk  of  cows  which  had  aborted  as  a 
result  of  feeding  and  injecting  cultures  of  the  organism.  This  is  readily 
explained  from  the  fact  that  strains  of  the  organism  which  have  been 
cultivated  upon  artificial  media  may  be  recovered  from  inoculated  ani- 
mals without  employing  anaerobic  methods. 

EXPERIMENTAL    WOBK. 

In  the  isolation  of  Bact.  abortus  from  milk  the  most  perplexing  diffi- 
culty usually  encountered  is  the  elimination  of  other  organisms  which 
may  be  present  in  considerable  numbers  thus  over-growing  the  inocu- 
lated media. 

In  order  to  render  the  isolation  and  cultivation  of  Bact.  abortus  from 
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milk,  a  comparatively  simple  process,  the  following  factors  must  be  con- 
sidered: The  medium  and  its  proper  preparation;  the  proper  H-ioo 
concentration  of  the  medium;  the  emploTment  of  an  agent  which  will 
eliminate  fast-growing  organisms ;  the  method  of  incubation. 

The  proper  medium  for  the  isolation  and  cultivation  of  Bad.  abortus 
is  liver  or  spleen  (bovine  or  swine)  infusion  agar.  This  medium  was  de- 
vdoped  by  Stafseth  (5),  formerly  of  this  laboratory.  The  technique 
for  preparing  the  medium  is  similar  to  the  method  described  by  Giltner 
{6)  for  the  preparation  of  meat  infusion  agar  except  that  glass  wool 
should  be  used  in  filtering,  and  excessive  heating  should  be  avoided  in  the 
preparation  and  sterilization.  Huntoon  (7)  has  shown  that  about  half 
of  the  initial  growing  value  of  media  is  removed  by  over-heating,  and 
employing  cotton,  cloth,  or  paper  in  filtration.  The  writer  has  found  that 
the  above-named  factors  must  be  considered  in  the  isolation  and  culti- 
vation of  Bact.  abortus. 

The  H-ion  concentration  of  the  medium  is  the  most  important  fac- 
tor in  the  cultivation  of  this  oi^anism.  The  H-ion  concentration 
for  obtaining  the  optimum  growth  lies  between  6.6  and  6.4.  The  limit- 
ing H-ion  concentration  in  which  growth  may  be  obtained  lies  be- 
tween 6  and  7.6,  The  organism  grows  very  ^owiy  at  the  extreme 
limits  of  this  range.  In  fact,  it  is  very  difficult  to  get  newly  isolated 
strains  to  grow  on  a  medium  having  a  different  H-ion  concentration 
than  the  optimum  stated  above.  The  H-ion  concentrations  were  Id 
each  case  determined  colorimetricallj,  using  Brom  Thymol  Blue  as 
indicator.  The  titratable  acidity  (using  phenophthaleiu  as  indicator) 
for  obtaining  the  optimum  growth  should  be  about  +1.2.  This  method, 
however,  is  not  to  be  relied  upon  owing  to  the  fact  that  a  medium 
giving  a  titratable  reaction  of  +1.2  may  not  correspond  to  the  proper 
H-ion  concentration  that  is  necessary  for  the  growti  of  Bact.  abortus. 

The  agent  necessary  for  the  partial  elimination  of  other  organisms 
was  fonnd  to  be  gentian  violet.  The  selective  bactericidal  action  of 
gentian  violet  and  its  practical  application  was  first  studied  by  Church- 
man (8).  This  dye,  when  incorporated  in  a  medium,  will  inhibit  the 
growth  of  a  large  per  cent,  of  gram  positive  and  a  small  per  cent,  of 
gram  negative  organisms.  Churchman  applied  the  term  "violet  posi- 
tive," to  those  organisms  whose  growth  was  inhibited  by  the  action  of 
the  dye,  and  "violet  negative"  to  those  which  were  not  affected  by  the 
dye.  The  action  of  the  dye  appears  to  simulate  the  bactericidal  action 
of  various  other  bactericides  in  that  its  action  is  fundamentally  a 
quantitative  one. 

In  ttiis  worlt,  gentian  violet  was  prepared  in  a  saturated  aqueous  solu- 
tion and  incorporated  in  the  media  in  sufficient  quantity  to  give  the 
dye  a  final  dilution  of  1 :10,000.  The  growth  of  Bact.  abortus  was  not 
in  the  least  affected  by  the  presence  of  the  dye.  The  developing  colonies 
take  up  the  color  of  the  dye  and  present  a  clear  violet  blue  color  to 
transmitted  light  and  a  dark  violet  color  to  reflected  light.  With  a 
little  practice,  one  may  easily  differentiate  colonies  of  Bact.  abortus 
from  colonies  of  other  organisms  on  the  media  by  macroscopic  examina- 
tion alone. 

From  previous  researches  there  have  been  developed  two  satisfactory 
methods  for  growing  Bact.  abortus  from  naturally  infected  material, 
namely,  In  a  dosed  chamber  in  symbiosis  with  cultures  .of  Bacillus  sub- 
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tiUs  (9),  in  a  closed  chamber  wbicb  bas  been  partially  exbausted  of  air 
by  meaDs  of  a  suction  pump.  It  is  generally  believed  tbat  tbe  initial 
growth  of  this  organism  depends  upon  an  atmosphere  of  lowered  oxygen 
tension.  If  this  is  true,  we  should  expect  newly  isolated  strains  of  tbe 
organism  to  grow  very  rapidly  when  placed  in  a  sealed  tube  or  cham- 
ber in  which  part  of  the  o^gen  baa  been  absorbed  by  means  of  an 
alkaline  solution  of  pyrogallic  acid.  A  series  of  experiments  con- 
ducted by  the  writer  shows  that  the  initial  growth  is  not  due  to  a 
lowered  oxygen  tension,  but  ia  due  to  an  increased  carljon  dioxide 
tension  of  the  atmosphere  in  which  it  is  to  be  grown.  The  correct  car- 
bon dioxide  tension  may  be  derived  by  sealing  the  tubes  containing  the 
inocniated  medium;  by  placing  the  inoculated  medium  in  a  closed 
chamber  (the  growing  organisms  furnish  COj  for  the  proper  tension) ; 
by  placing  the  inocniated  medium  in  a  closed  chamber  in  which  10  per 
cent,  of  the  air  has  been  displaced  by  carbon  dioxide  gas.  It  was 
found  tbat  when  the  latter  method  was  employed  colonies  of  Bad. 
abortus  would  appear  on  the  surface  of  the  medium  in  from  24  to  72 
hours  and  often  develop  to  3  mm.  in  diameter.  No  visible  growth  ap- 
peared until  the  fourth  day  or  later  when  the  sealed  tube  or  closed  cham- 
ber method  was  used.  "When  the  growth  became  visible  it  was  found  that 
a  CO,  tension  had  developed  in  the  sealed  tube  {measured  by  the  H-ion 
method)  which  corresponded  to  the  CO,  tension  of  a  closed  chamber 
after  10  per  cent,  {by  volume)  of  tbe  contained  air  had  heea  displaced 
by  <X)j  gas. 

Tbe  methods  which  have  just  been  discussed  were  used  in  studying 
samples  of  milk  from  each  of  the  four  quarters  of  twelve  cows.  Cows 
No.  1,  8,  9,  10,  11,  and  12  have  never  aborted.  Cow  No.  2  aborted  a 
six  months  fetus  Dec.  18,  ldl9;  Cow  No.  3  aborted  a  five  months  fetus 
Oct,  24,  1919;  Cow  No.  4  aborted  a  six  months  fetus  Feb.  20,  1919; 
Cow  No.  5  aborted  a  seven  mouths  fetus  Feb,  5,  1920;  Cow  No.  6 
aborted  a  six  months  fetus  Jan.  26,  1920;  Cow  No.  7  aborted  a  six 
months  fetus  Jan.  1,  1917.  The  reactions  of  the  milk  to  the  agglutina- 
tion test  at  the  time  the  bacteriological  examinations  were  made  are 
shown  in  Table  I. 

The  samples  of  milk  were  collected  in  sterile  test  tubes  after  the"" 
first  milk  had  been  discarded,  and  about  10  c.  c.  of  each  centrifugalized 
for  two  hours  at  2000  r.p.m.  This  length  of  time  for  centrifugalizing 
is  necessary  owing  to  the  fact  that  Boat,  abortus  is  removed  from  sus- 
pension with  difficulty.  About  0.1  c.  c.  of  the  sediment  was  drawn  from 
tbe  bottom  of  the  tube  by  means  of  a  small  capillary  pipette,  then 
placed  on  the  surface  of  a  solidified  gentian  violet  agar  plate  and  evenly 
distributed  by  holding  a  sterile  glass  rod  (bent  at  an  angle  of  90°) 
against  the  surface  of  the  medium  at  tbe  same  time  rotating  the  plate 
in  a  horizontal  plane. 

Tbe  bacteriological  examinations  were  in  each  instance  controlled 
by  inoculating  guinea  pigs  intra-abdominally  with  5.0  c.  c.  of  whole  milk 
from  each  quarter,  and  allowing  a  period  of  eight  to  ten  weeks  to 
elapse  before  autopsying.  The  spleen  and  liver  were  tben  examined 
cnltnrally  for  the  presence  of  Bact.  abortus.  The  comparative  results  of 
the  two  methods  are  shown  in  Table  II.  The  milk  from  the  four 
qnarteni  of  cows  No,  1,  5,  7,  8,  9,  10,  11,  and  12  gave  n^ative  resnlts  to 
each  of  the  methods  employed.    The  positive  results  correspond  in  all 
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of  the  methods  employed :  Cow  Ko.  2,  showing  the  organisms  present 
in  the  left  front  quarter;  No.  3,  in  the  left  rear  quarter;  No,  4,  in  right 
front,  left  rear  and  left  front  quarter;  No.  5  in  the  right  rear  quarter; 
No.  7  in  the  left  rear  quarter. 

The  number  of  colonies  appearing  upon  the  surface  of  the  media  raried 
with  the  samples  examined.  Only  one  or  two  colonies  would  develop 
from  the  sample  examined  from  one  cow,  while  from  another,  the 
surface  of  the  media  would  show  hundreds  of  colonies.  Vei7  few 
other  organisms  present  in  the  milk  grew  on  this  medium.  Oram  nega- 
tive organisms  will  occassionally  make  their  appearance  and  very 
often  be  the  predominating  organism  on  the  surface  of  the  media. 
These  may  be,  in  most  part,  eliminated  by  using  aseptic  methods  in 
the  handling  of  the  samples  of  milk. 

This  method  has  also  been  employed  with  success  in  isolating  Bact. 
abortus  from  the  stomach  content  of  aborted  fetuses,  from  the  fetal 
membranes  and  from  the  uterine  exudate  of  cows  which  have  aborted. 
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CONCLUSIONS 


1.  Tbe  proper  medium  for  the  isolation  of  Bact.  abortua  from  milk 
is  liver  infusion  agar  which  has  been  prepared  without  excessive  heat- 
ing and  filtered  through  glass  wool  instead  of  cotton  or  paper. 

2.  The  growth  of  Bact.  abortus  in  culture  is  markedly  influenced  by 
the  H-ion  concentration  of  the  medium.  It  is  important  that  the 
mediom  be  adjusted  in  terms  of  H-ion  concentration. 

3.  The  H-ion  concentration  necessary  for  the  optimum  growth 
should  lie  between  6.6  and  6.4. 

4.  The  most  suitable  method  for  growing  Boot,  abortus  from  milk 
is  obtained  by  placing  inoculated  media  in  a  closed  chamber  In  which 
10  per  cent,  of  the  air  has  been  displaced  by  CO,  gas. 

6.  By  incorporating  a  saturated  aqueous  solution  of  gentian  violet 
in  medium  in  sufficient  quantity  to  give  the  dye  a  final  dilution  of 
1-10,000,  a  la^e  per  cent,  of  organisms  occurring  in  milk  other  than 
Bact.  abortva  may  be  eliminated.  The  dye  when  used  in  the  above  dila- 
tion has  no  apparent  effect  upon  the  growth  of  Bact.  aixniua. 

6.  This  technique  if  carefully  followed  yields  results  identical  with 
the  guinea  pig  inoculation  method  for  determining  the  presence  of 
Bact.  aJiottus  in  milk.  Its  chief  advantage  is  that  it  requires  only  foar 
days  to  determine  the  presence  of  the  organism  whereas  the  animal  in- 
oculation method  requires  at  least  eight  we^s. 

7.  This  method  may  be  easily  employed  in  studying  a  lat^  nnmber 
of  samples  of  milk,  or  in  detecting  the  presence  of  tbe  organism  in 
samples  of  milk  which  are  often  sent  to  the  laboratory  for  diagnosis. 
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RATE  AND  EXTENT  OF  SOLUBILITY  OF  ROCKS  AND  ROCK- 
FORMING  MINERALS  UNDER  DIFFERENT 
TREATMENTS  AND  CONDITIONS* 


Technical  Bulletin  No.  50. 


BY   QEORQE  J.   BOUTOUCOS,   SOILS  SECTION 


HISTORICAL 


In  a  former  publication  (1)  the  results  of  an  extensive  study  on  the  rate 
and  extent  of  solubility  of  soils  under  different  treatments  and  conditions 
were  presented.  Using  principally  the  freezing  point  method  as  a  means 
of  measuring  solubility,  it  was  shown  that  when  different  classes  of  soil 
were  treated  with  N/10  salt  solutions  of  Ca(NO,)„  NaNO,,  KNO„  KCl, 
K,SO.,  (NH,),SO„  MgSO,,  KH,FO„  CaH,{PO,),  and  NaC,H,0„  and  then 
washed  free  of  all  soluble  salts,  and  made  up  to  a  mobture  content  of  1  of 
soil  to  0.7  of  water  and  kejiJ,  at  room  temperature,  the  rate  of  solubility  of 
all  the  salt  treatments,  except  (HN,),S0,,  was  slow  and  gradual  and  that 
the  process  continued  for  a  long  time,  (120  days),  but  usuEilly  for  about 
50  days.  In  the  case  of  (NH.)iSOi  the  initial  velocity  was  quite  rapid  but 
soon  slowed  down.  At  the  end  of  about  60  days  there  was  an  apparent 
constancy  or  equilibrium  in  the  solubility.  The  extent  of  solubility  at  this 
point  was  found  to  be  very  appreciable  in  all  the  salt  treatments,  and  in 
all  the  soils,  with  few  exceptions.  All  the  soils  except  sand,  treated  with 
NaNO,,  KNO„  KCI,  K.SO,,  {NH,).S0,,  MgSO.,  and  NaCJI.O,  yielded 
quite  a  large  amount  of  material  to  solution,  the  depression  in  many  cases 
rising  from  0.005  to  about  0.110''C  or  from  125  to  2,750  parts  per  million 
of  solution.  The  only  salt  treatments  which  did  not  cause  a  large  solubility 
product  were  Ca(NOj)i,  KHtPO,  and  CaH,(POi)i,  the  depression  in  some 
of  these  treatments  rising  only  from  about  0.007  to  0.015°  or  from  175  to 
355  parts  per  million.  As  a  general  rule  NaNOi  and  NaCiH,Oi  in  all  the 
soils,  except  sand,  tended  to  yield  the  greatest  solubility  product,  Ca(NOi)t, 
KHJ'O,,  and  CaH.(PO.).  the  smallest,  and  KNO„  KCIK,,  SO*,  (NH.), 
SOt  and  MgSO.  an  intermediate  product.  In  many  soils  CaHi(FOi)i,  and 
in  a  few  cases,  Ca(NOi)i  and  KHiPO«  did  not  only  give  the  smallest  con- 
centration but  even  a  smaller  concentration  than  the  check,  indicating  that 
these  salts  have  an  indifferent  or  depressing  effect  upon  the  solubility  of 
soils.  As  a  whole  it  appeared  that  the  phosphates  tend  to  depress  solubility 
and  that  they  probably  act  as  conservers  of  bases  under  field  conditions. 

The  results  of  solubility  of  these  singly  salt-treated  soils  were  taken  to 
indicate  that  a  salt  or  fertilizer  treatment  leaves  a  residual  effect  upon  the 
soil,  and  this  residual  effect  continues  to  be  manifested  in  increased  solu- 
bility and  in  increased  crop-producing  power.     These  data  also  go  to  indicate 
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that  the  reaction,  between  soils  and  salts  seems  to  be  chemical  and  not 
physical. 

In  view  of  the  different  residual  effects  that  the  different  salts  or  fertil- 
izers have  upon  the  solubility  of  soils,  and  in  view  of  many  theoretical  and 
Eraetical  considerations  it  was  concluded  that  the  solubility  factor  cannot 
e  considered  an  absolute  or  reliable  criterion  for  the  state  of  fertility  or 
crop-producing  power  of  soils.  In  general,  however,  it  can  be  said  that  a 
very  heavily  fertilized  or  extremely  rich  soil  gives  a  greater  solubility  product 
than  an  unfertilized  or  poor  soil. 

Although  the  solubility  attained  a  constancy  at  the  end  of  about  60  days, 
this  constancy  was  not  believed  to  be  a  true  equilibrium,  the  solution  not 
being  saturated  when  solubility  apparently  ceases.  This  seems  to  be  demon- 
strated by  the  fact  that  when  different  proportions  of  soil  and  water  are 
employed  an  apparent  equilibrium  is  attained  in  all  the  ratios,  while  the 
solubility  product  is  not  at  all  the  same  when  the  equilibrium  is  reached, 
and  does  not  become  the  same  no  matter  how  long  the  soil  and  water  in 
the  different  ratios  are  kept  in  contact.  Furthermore,  considering  the  char- 
acter of  the  soil  it  ia  deemed  extremely  doubtful  if  true  equilibrium  can 
ever  be  attained  in  the  soil  solution.  The  solubility  process  of  the  soil  would 
undoubtedly  go  on  for  a  long  time,  probably  almost  indefinitely,  in  view 
of  the  extremely  slow  rate  of  solubility,  if  some  factors  did  not  intervene. 

When  different  soils  were  treated  with  a  combination  of  salts,  including 
Ca(NO.).,  NaNO,,  KNO„  KCl,  K^O,,  (NHOiSO*,  MgSOn,  KHJO*,  CaH, 
(PO<)i  and  NaC'tHjO,,  and  washed  and  kept  under  the  same  conditions  as 
indicated  above,  their  rate  of  solubility  was  also  slow,  but  the  extent  of 
solubility  was  very  appreciable.  The  phosphales  in  this  combination  did 
not  depress  the  solubility  very  markedly,  but  when  (NHj)iSO,  and  NaCiH,Oi 
were  omitted  the  decrease  became  more  marked. 

Experimental  field  soils  from  the  Illinois,  New  York  (Cornell),  Rhode 
Island,  and  Ohio  Experiment  Stations,  which  had  been  fertilized  in  the  usual 
way  were  washed  and  kept  at  a  moisture  content  of  1  of  soil  to  0.7  of  water 
and  at  room  temperature.  Their  rate  of  solubility  was  very  slow  but  their 
extent  of  solubility  varied,  being  rather  appreciable  in  some  of  them  and 
quite  small  in  others,  and  the  variation  failing  to  bear  any  close  relation  to 
to  the  previous  fertilizer  treatment.  These  results  were  in  general  agree- 
ment with  those  of  the  single  salt  treated  soils.  Even  when  these  soils  were 
kept  at  an  optimum  moisture  content  and  placed  outdoors  under  natural 
conditions,  they  failed  to  give  a  solubility  product  which  bore  a  close  re- 
lation to  the  previous  fertilizer  treatment,  the  rate  of  solubility  being  very 
slow  and  the  extent  of  solubility  quite  appreciable  but  far  smaller  than  that 
of  the  salt-treated  soils. 

Soils  treated  with  HNO„  HCI,  H=SO*,  H,PO*,  H,C,0„  HCH.O.  and 
C>H|Oj,  washed,  maintained  at  a  moisture  content  of  1  of  soil  to  0.7  of  water 
and  kept  at  room  temperature  showed  a  quiet  rapid  rate  of  solubility, 
although  the  extent  of  solubility  varied  being  verj-  small  in  the  case  of  the 
inorganic  acids,  slightly  higher  with  phosphoric  acid,  and  quite  appreciable 
with  the  oi^anic  acids. 

In  the  imtreatcd  soils,  which  were  washed,  kept  at  room  temperature, 
and  at  a  moisture  content  of  1  of  soil  to  0.7  of  water,  both  the  rate  and  ex- 
tent of  solubility  varied  considerably  between  the  different  soils,  there  being 
no  close  and  consistent  relationships  between  the  solubility  factor  and  the 
class  of  soil,  the  organic  matter  content  and  the  fineness  of  particles.  Prac- 
tically the  same  results  were  obtained  when  an  optimum  moisture  content 
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was  employed  and  the  soils  were  kept  outdoors  under  natural  conditions, 
although  in  some  soils  more  material  went  into  solution  when  the  moisture 
content  was  1  of  soil  to  0.7  of  water  than  when  the  moisture  content  was  at 
optimum.  There  was  a  closer  relationship  on  the  whole  between  the  solu- 
bility factor  and  the  state  of  fertility,  or  crop  producing  power  of  the  soil 
with  the  former  than  with  the  latter. 

When  natural  soils,  previously  washed,  and  with  a  moisture  content  of 
1  of  soil  to  0.7  of  water  were  kept  at  a  temperature  of  53°C  their  rate  of 
solubility  was  somewhat  appreciably  increased.  In  some  soils,  however, 
solubility  was  very  little,  if  any,  affected  by  the  high  temperature.  The 
solubility  of  many  soils  even  at  this  high  temperature  continued  to  increase 
for  a  long  time,  even  60  days  but  usually  became  constant  at  the  end  of 
about  30  days. 

At  the  ratio  of  1  of  soil  to  5  of  water  the  rate  of  solubility  of  natural  soils 
was  also  slow  and  the  extent  of  solubility  extremely  small,  the  amount  of 
material  that  went  into  solution  at  this  water  content  being  only  about  half 
as  great  as  that  at  the  water  content  of  1  of  soil  to  0.7  of  wat^r,  although 
an  apparent  equilibrium  was  attained  at  this  high  water  content  just  as 
with  the  lower  water  content.  Soils  having  a  ratio  of  1  of  soil  to  5  of  wat«r 
kept  at  63°C  showed  a  slight  increase  in  the  rate  and  extent  of  solubility. 
The  solubility  product,  however,  was  only  about  one-third  as  great  as  that 
of  similar  soils  kept  at  the  same  temperature  but  having  a  ratio  of  soil  to 
water  of  1  to  0.7,  while  an  apparent  equilibrium  was  attained  in  the  high 
ratio  just  as  in  the  small  ratio. 

The  results  of  experiments  wherein  were  used  a  ratio  of  1  of  soil  to  5  of 
water  were  held  to  indicate  very  strongly  that  the  concentration  of  the  soil 
solution  depends  upon  the  relative  masses  of  the  soil  and  water  and  that  the 
soil  does  not  possess  a  .definite  solubility,  as  definite  compounds  do.  The 
amount  of  material  that  goes  into  solution  seems  to  increase  as  the  ratio  of 
soil  to  water  is  increased  up  to  about  the  optimum  moisture  content,  and 
then  it  decreases. 

OBJECT   OF    I'RESENT    INVESTIGATION 

Since  soils  are  composed  of  a  complex  and  heterogeneous  mass,  and  the 
number  and  variety  of  factors  operating  being  very  great,  unknown  and 
uncontrollable,  it  is  extremely  difficult,  if  not  impossible,  to  explain  always 
the  results  obtained,  or  to  assign  them  to  any  particular  factor  or  cause. 
Many  times  such  experimental  results  are  at  best  very  empirical. 

In  order,  therefore,  to  obtain  more  definite,  and  if  possible,  more  abso- 
lute information  on  the  solubility  of  soils,  it  was  deemed  advisable  and  nec- 
essary to  repeat  the  general  investigation  of  the  rate  and  extent  of  solubility 
of  soils,  with  rocks  and  rock  forming  minerals.  It  was  thought  and  reasoned 
that  since  the  rocks  and  minerals  are  more  definite  compounds,  or  at  least 
to  a  considerable  degree  less  complex  than  the  soils,  their  results  may  be 
of  great  value  and  help  in  checking  up,  interpreting  and  explaining  those 
obtained  with  soils.  Accordingly,  the  rate  and  extent  of  solubility  of  a 
lai^e  number  of  rocks  and  minerals  were  measured,  an  attempt  being  made 
.  to  include  in  the  list  the  most  common  type  of  soil-forming  rocks  and  min- 
erals. 

METHOD   EMTLOYED  AND   MOnB  OP   PROCEDURE 

The  method  employed  was  the  freezing  point  (2).  The  general  procedure 
consisted  of  first  grinding  the  rocks  and  minerals  to  fine  powder  so  it  could 
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pass  a  100  meah  sieve.  The  solubility  of  this  powder  was  then  measured 
in  the  leached  and  unleached  condition  in  distilled  water,  treated  with  salt 
solutions  and  then  washed  until  all  the  free  soluble  salts  were  eliminated, 
and  in  the  presence  of  salt  solutions.  The  moisture  content  in  all  cases 
except  one  was  1  of  solid  to  0.75  of  hquid.  The  temperature  employed  was 
room  temperature,  a  temperature  of  SS^C,  and  at  a  steam  pressure  of  26 
pounds  which  is  equivalent  to  a  temperature  of  about  IIT'C.  The  matenals 
were  contained  in  glass  freezing  point  tubes  of  high  quahty.  The  freezing 
point  depression  was  determined  immediately  upon  the  powder  coming 
in  contact  with  water  or  salt  solution,  once  every  day  thereafter  for  the 
first  four  or  five  days,  and  at  various  intervals  thereafter  for  a  long  period, 
in  some  cases  for  more  than  100  days. 

Although  the  solubility  of  rocks  and  minerals  has  been  studied  from  time 
to  time  by  quite  a  number  of  investigators  (3)  yet  strangely  to  say  the  sub- 
ject has  not  received  the  complete  and  comprehensive  investigation  that  it 
deserves.  There  is,  therefore,  much  work  yet  to  be  done  upon  the  problem 
and  a  good  deal  more  to  be  learned.  Furthermore,  the  rate  and  extent  of 
solubility  of  rocks  and  minerals  have  never  before  been  studied  by  the  freez- 
ing point  method,  which  has  proved  highly  appropriate  and  unique  for  this 
purpose. 

LIST   OP    BOCKS   AND    MINERALS    EMPLOYED 

Following  is  a  list  of  rocks  and  minerals  employed  in  the  study  of  the  rate 
and  extent  of  their  solubility.  These  rocks  and  minerals  came  from  three 
different  sources:  (1)  from  the  Ward's  Natural  Science  Establishment, 
Rochester,  New  York,  (2)  from  the  Geological  Department  of  the  Michigan 
Agricultural  College,  and  (3)  from  a  collection  gathered  by  the  writer. 

LIST  OF  ROCKS  EMPLOYED  AND  THEJR  PREDOMINANT  MINERALS 

Banded  biotite  gneiss quartz,  feldspar,  mica 

Banded  granite homblend,  quartz,  feldspar 

Biotite  granite,  3  varieties feldspar,  quartz,  biotite 

Compact  lithographic  limestone 

Crumbled  mica-schist mica,  quartz,  feldspar 

Diabase plagioclase  feldspar,  augite 

Diorite plagioclase  feldspar,  homblend 

Ferrugineous  sandstone,  5  varieties. . . 

Homblend  granite homblend,  quartz,  feldspar 

Homblend  basalt homblend,  plagioclase,  pyroxene 

Homblend  gabbro horablcnd  plagioclase,  feldspar,   lab- 

rodorite. 

Hydrohlic  limestone 

Marble  (dolomitic) 

Mica-echist mica,  quartz,  feldspar 

Pegmatite feldspar,  quartz 

Peridotite olivine,  augite 

Quartzite,  3  varieties quartz 

Scotch  granite feldspar,  homblend,  quartz 

Shale,  2  samples 

Siliceous  dolomite 

Siliceous  sandstone 

Hematite  (micaceous) homblend,  feldspar 
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LIST  OP  MDJBBALB  BMFLOTED  AND  THEIR  FOKMOLAB 

Apatite (CaF)  Ca.(PO,), 

Amphibole CAlFe),0.,  {Mg,  Ca,  Fe)0,  SiO, 

Apophyllite H,KCa.(SiO,),+4H  H,0 

Calcite CaCO, 

Chrysolite  (olivine) (Mg,  Fe)^iO, 

Epidote Ca.([Al,  reOH]){AlJ'e,  (SiO.) , 

Gypsum CaSO.  +  2H,0 

Syenite,  2  varieties FeO, 

Kaolinite Hjil,Si.O, 

Limonite 2Fe,0,3H,0 

Oligoclase 3(NaAlSi.O,)  +  (Ca,  Al,SiiO,) 

Orthoclase K  Al  SiO.  0, 

Prochlorite H,0(Fe,  Mg)«Al,3iuO„ 

Pyroxene Magnesium-iron-calcium-Bilicate 

Quartz  (milky  var.) SiOj 

Serpentine H,Mg,Si,0, 

Siderite FeCO, 

Stilbite H.(Na,Ca)  Al,Si.O,.  +  4  H,0 

Talc H.  Mg,  SiA. 

Zircon Z.SiO, 

AMOUNT  OF  READILY  SOLUBLE  MATERIAL  IN  ROCKS  AND   UINERALS 

Before  the  results  on  the  rate  and  extent  of  solubility  on  long  standing 
are  presented,  it  may  be  advantageous  and  of  interest  to  consider  first  the 
amount  of  readily  soluble  material  in  the  various  rocks  and  minerals  inves- 
tigated. These  data  are  shown  in  table  1.  They  were  obtained  by  mixing 
the  powder  with  definite  amounts  of  distilled  water  and  determining  the. 
freezing  point  depression  immediately.  Two  different  moisture  contents 
were  employed,  low  (20%)  and  high  (75%),  but  since  the  results  at  the 
former  moisture  content  are  not  complete,  only  those  of  the  latter  are  here 
presented. 

T.A1BLB  1 

Amomit  of  Readily  Soluble  Material  in  Rocks  and  Minerals  at  75  per  cent 
of  Moisture.    Figures  represent  freezing  point  depression. 

Name  of  rocks  and  mineral  73  per  cent  moisture 

C 

Banded  biotite  gneiss 0.015 

Banded  granite 021 

Biotite  granite 018 

Biotite  granite 020 

Biotite  granite 019 

Compact  lithographic  limestone 018 

Crumbled  mica-schist 010 

Diabase 020 

Diorite 020 

Ferrugineous  sandstone 050 

Femigineous  sandstone 057 

Ferrugineoufl  sandstone 045 


Ferru^eous  sandstone Olg 

Ferrugineous  sandstone . , 
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Name  of  rocks  and  mineral  75  per  ceot  moisture 

C 

Horablend  granite 020 

Hombiend  basalt 020 

Homblend  gabbro 018 

Itydrolic  limestone 030 

Marble  (dolomitic) 013 

Mica-schist 036 

Pegmatite 025 

Peridotite 042 

Quartzite 020 

Quartzite 022 

Quartzite  (Baraboo) 012 

Scotch  granite 032 

Shaie 050 

Shale 050 

Siliceous  dolomite 050 

Siliceous  sandstone 030 

Syenite 035 

Syenite 024 

Apatite 022 

Amphibole 015 

Apophyllite 069 

Calcite 012 

Chrysolite 016 

Epidote 016 

Gypsum 044 

Hematite 010 

Kaolinite Oil 

Limonite 010 

Oligoclase 020 

Orthoclase 010 

Prochlorite 017 

Pyroxene 030 

Quarts 008 

Serpentine 050 

Siderite 035 

Stilbite 008 

Talc 015 

Zircon 010 

The  above  data  show  very  emphatically  and  conclusively  that  there  is 
not  only  a  measurable  but  also  an  appreciable  amount  of  material  that  goes 
into  solution  very  readily  when  unleached  powder  of  rocks  and  rock-forming 
minerals  is  brought  in  contact  with  distilled  water.  It  will  be  seen  that  the 
freezing  point  depression  varies  from  0.008°  in  quartz  to  0.057°  in  ferrugi- 
neous  sandstone,  to  0.069°C  in  apophyllite.  The  majority  of  the  rocks 
and  minerals  have  a  lowering  of  the  freezing  point  above  0.020°C.  These 
depressions,  it  must  be  remembered  were  obtained  when  the  ratio  of  powder 
to  water  was  1  to  0.75  or  at  75  per  cent  moisture  content.  At  a  considerably 
lower  moisture  content  the  freezing  point  depression  of  all  those  rocks  and 
minerals  which  do  not  have  a  dchnitc  solubility  or  do  not  form  a  saturated 
solution  immediately,  will  be  considerably  greator.    Thus,  for  instance,  ai 
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20  per  ceut  moisture  content  the  freezing  point  depression  of  the  quartz  was 
0.028°,  femigineous  sandstone  0.145°,  apophyllite  0.175°,  shale  0.119,  apatite 
0.059,  etc.,  while  at  75  per  cent  moisture,  the  depression  was  0.008°,  0.057°, 
0.069°,  0.050°,  and  0.022°  respectively.  In  such  materials  as  calcite,  hem- 
atite, marble,  limonite,  etc.,  the  depression  at  the  low  moisture  content  was 
practically  the  same  as  at  the  high. 

If  we  apply  the  formula  which  was  established  in  a  mixture  of  all  the  min- 
erals and  rocks  employed  that  a  depression  of  0.002°C  is  equivalent  to  100 
parts  per  million  of  .solution  then  the  concentration  of  the  solution  of  the 
rocks  and  minerals  varies  from  100  p. p.m.  in  quartz,  to  711  in  ferrugineous 
sandstone,  to  975  in  apophyllite  at  75  per  cent  of  moisture  content,  and  350, 
1,811  and  2,187  p.p.ra.  respectively  at  20  per  cent  of  moisture. 

It  is  readily  realized,  of  course,  that  the  solutions  of  the  different  rocks 
and  minerals  may  contain  soluble  m^aterial  of  different  degrees  of  dissociation 
which  may  affect  the  freezing  point  depression  slightly  differently.  The 
above  formula,  therefore,  which  was  obtained  from  an  average  of  all  the 
rocks  and  minerals  employed  may  not  be  correctly  applied  to  all  the  different 
rocks  and  minerals.  It  is  believed,  however,  that  it  gives  a  very  close  ap- 
proximation of  the  concentration  of  the  solution  of  these  various  materials, 
in  parts  per  million. 

The  above  appreciable  amount  of  readily  soluble  material  in  the  powder 
of  the  different  rocks  and  minerals  is  obtained,  with  few  exceptions,  only 
with  the  unleached  powder.  When  the  powder  is  leached  with  distilled 
water,  the  readily  soluble  material  is  washed  away  and  very  little  new  ma- 
teria! goes  into  solution  to  take  its  place,  as  indicated  by  the  much  smaller 
freezing  point  depression.  This  point  is  well  exemplified  by  the  data  in 
table  2. 

TABLE  2 

Amount  of  Soluble  Material  in  Leached  and  Unleached  Pow<ier  of  Rocks 
and  Minerals.     Figures  Represent  Freezing  Point  Depression. 

Unleached  Leached 

Name  of  Rocks  and  Minerals                             75  per  cent  75  per  cent 

moisture  moisture 

C°  C° 

Banded  biotitc  gneiss 0.015  .006 

Banded  granite 021  .011 

Biotitc  granite 018  .010 

Biotite  granite 020  ,008 

Biotite  granite 019  .010 

Compact  hthographic  limestone 018  .006 

Crumbled  mica-schist 010  .006 

Diabase '. 020  .008 

Diorite 020  .010 

Ferrugineous  sandstone 050  ,010 

Ferrugineous  sand.stone 057  .010 

Ferrugineous  sandstone 010  .009 

Ferrugineous  sandstone 010  .008 

Homblend  granite 020  .     .010 

Homblend  basalt 020  .007 

Homblend  gabbro 018  .009 

Hydrohc  limestone 030  .015 

Marble  (dolomitic) 013  Cl.)C^K' 
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Unlcached 
Name  of  Rocks  and  Minerals  75  per  cent 

moisture 
C" 

NEca-schiat 036 

Pegmatite 025 

Peridotite 042 

Quartzite 020 

Quartzite 022 

Quartzite  (baraboo) 012 

Scotch  granite 032 

Shale 050 

Shale 050 

Siliceous  dolomite 050 

Siliceous  sandstone 030 

Syenite 035 

Syenite 024 

Apatite 022 

Amphibole 015 

Apophyllite 069 

Calcit* 012 

ChryroKte 016 

Epidote 016 

Gypsum 044 

Hematite 010 

Kaolinite Oil 

Limonite 010 

Oligoclase 020 

Orthoclase 010 

Prochlorite 017 

Pyroxene 030 

Quartz 008 

Serpentine 050 

Siderite 035 

Stilbite 008 

Talc 015 

Zircon 010 


Leached 
75  per  cent 
moisture 
C 
.009 
.010 
.021 
.009 
.008 
.003  ■ 
.010 
.010 
.010 
.010 
.009 
.008 
.008 
.010 
.008 
.027 
,007 
.006 
.009 
.042 
.005 
.010 
.006 
.009 


.008 
.006 
.020 
.015 
.005 
.010 
.007 


It  will  be  immediately  seen  from  the  above  table,  therefore,  that  the  freez- 
ing point  depression,  and  consequently  the  amount  of  material  in  solution, 
is  appreciably  or  much  smaller  after  leaching  than  before  leaching,  in  all  the 
rocks  and  minerals,  with  few  exceptions. 

These  results  go  to  show,  therefore,  that  when  rocks  and  minerals  are 
ground  very  fine  they  allow  a  considerable  amount  of  their  material  to  go 
readily  into  solution,  but  when  this  easily  soluble  material  is  leached  with 
few  exceptions,  its  place  is  not  immediately  taken  by  other  soluble  material. 

The  reason  for  these  phenomena,  together  with  the  nature  of  the  material 
that  goes  into  solution  and  the  mechanism  of  solubility  involved,  will  be 
discussed  more  appropriately  and  intelligently,  subsequently  in  connection 
with  other  phases  of  the  general  investigation.  Meanwhile  it  is  desired 
to  direct  attention  to  a  significant  point  that  is  su^ested  by  the  foregoing 
experimental  results  in  regard  to  the  amount  of  soluble  material  in  the  soils, 
and  drift  material  at  the  glacial  period.     One  of  the  works  that  the  great 
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continental  glacier  accomplished  was  the  grinding  up  of  the  underlying  rocks 
into  fine  particles.  Accordii^  to  the  foregoing  results  land  which  was  formed 
from  this  glacial  material  and  which  was  not  excessively  leached  must  have 
been  very  rich  in  soluble  material.  When  this  land  was  enriched  with  nitro- 
gen, it  must  have  been  very  productive. 

aATB  AND  EKTmm  OF  aOLUBIUTT  OP  TJNI-BACHBD  AND   LEACRBD  BOCKS   AND 

MltmaMjS    WHBN    TBH    RATIO    OF     BOCKB     AND     UINERAi;S     TO     DTSTHLDED 

WATBR  WAS  1  to  0.7S  aod  MIXTURE  WAIS  MAINTAINED  AT  ItOaM  TBUPEnt-VTUBB. 

The  subjoined  tables  contain  the'  results  on  the  rate  and  extent  of  solu- 
bility of  various  rocks  and  minerals  in  the  unleached  and  leached  state  at 
75  per  cent  moisture  content  and  at  room  temperature.  Since  there  were 
two  series  which  were  conducted  at  two  different  times  and  for  a  different 
length  of  periods,  the  results  of  each  series  are  given  separately. 
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B*n<led  granlle. . . 

BloClte  granllo 

Biotlte  irranice 

FemiglnouB  sand- 

Homblend  emill«. 
Hydrollc  UmastonB 

MlcB-schlst 

Pegnallte 

Quartzlte 

Scotch  eranllc. . . . 

Ehnle 

Siliceous  gandslone 
Syenite 
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Apallte 

Amphlbole 

ApophyUlte 

Caldte 

Chrywillle  (oUvIni 

Epidote 

Oypsiim 

IIeinatlle{mkscoouB) 

Kaollnlte 

Llmonlte 

Ollgoclue. . . . 
Orthoclase.  . . . 
Prochlorilo. . . 

Pyroiano 

Quartz 

Serpentine .... 

Slderlte 

Blllbila..... ... 

Talc 
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Horblend  gsbbio 
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FeildotlM 

Quartzlte  (baraboo). , 
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Billceous  dolomite 
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Considering  first  tables  3,  5  and  6  which  contain  the  rate  and  extent  of 
solubility  of  the  unleached  rocks  and  minerals,  it  is  at  OKce  seen  that  there 
is  very  little,  if  any,  additional  material  that  went  into  solution  after  the 
first  contact  with  water.  Although  the  mixtures  were  allowed  to  remain 
for  107  days  in  one  series,  yet  the  freezing  point  depression  hardly  increased 
more  than  O-OIS^C,  and  in  the  majority  of  the  samples  the  increase  is  less 
than  O.OWC.  In  fact  in  a  few  rocks  and  minerals  the  initial  depression 
has  decreased  instead  of  increased.  Thus,  in  shale  for  instance,  the  depress- 
ion has  decreased  from  0.049°  to  0,-018°,  in  one  of  the  ferrugincous  sand- 
stones from  0.059°  to  0.032°  and  in  serpentine  from  O-OW  to  0.025". 

Considering  next  tables  4,  7  and  8  which  contain  the  data  for  the  leached 
rocks  and  minerals  it  will  be  readily  observed  here  also  that  very  little,  if 
any,  additional  material  has  gone  into  solution  above  the  initial  amount. 
The  increase  is  only  about  0.010°  or  less,  in  about  50  or  107  days.  With 
few  exceptions  the  leached  rocks  and  minerals  do  not  attain  the  same  de- 
gree of  freezing  point  depression,  or  concentration  of  solution,  as  exi.sted 
before  leaching,  at  about  the  same  moisture  content. 

From  this  phase  of  the  general  investigation,  therefore,  three  main  con- 
clusions may  be  drawn:  (1)  At  room  temperature  the  rate  and  extent  of 
Bolubihty  of  rocks  and  minerals  both  in  the  leached  and  unleached  condi- 
tion are  very  small  after  the  initial  solubility.  (2)  There  seems  to  be  an 
equilibrium  attained  in  solubility.  This  equilibrium,  however,  as  will  be 
shown  subsequently,  is  only  apparent  and  not  real,  with  few  exceptions. 
(3)  In  few  of  the  rocks  and  minerals  there  is  a  tendency  of  the  initial  ma- 
terial in  solution  to  go  out  of  solution,  or  at  least  the  freezing  point  depress- 
ion decreases.  This  is  especially  true  when  the  rocks  and  minerals  are  un- 
leached. 

RATE  AND  EXTBNT  OF  SOLUBILITY  OF  ONTJHAOIIBD  AND  LBAOIiED  ItOOKB  AND 
lUINEStAILS  WIHEN  "IIIIE  EiATIO  OF  ROCKS  AND  MINERATJS  TO  DL-STIUJED  WATHR 
WAS    1    to   O.T^    AMD   llltE    MIXTUBE    WAS    MAI.VFALNED    ATT    A    TEBWBR.WtJRE 

OF  a3°c. 
In  the  tables  below  are  presented  the  results  on  the  rate  and  extent  of 
solubility  of  unleached  and  leached  rocks  and  minerals  when  the  ratio  of 
rocks  and  minerals  to  distilled  water  was  1  to  0.75  and  the  mixture  was 
maintained  at  the  temperature  of  53°C.  The  samples  of  these  rocks  and 
minerals  were  of  the  same  original  material  and  prepared  exactly  the  same 
as  those  at  room  temperature.  The  moi-sture  content  also  was  the  same. 
The  results  of  each  series  are  presented  separately. 
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TABLE  11. — Ball  and  exItM  ot  lotubitUa  ef  leacAid  vavdi:rti  mineriOt  wAen  lAe  raiio  af  min. 
iiUtdvatiT  leat  abovt  1  Is  0.71  snd  the  mizturi  matnlained  at  a  tempirature  el  SS'C.     Fiau7 
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From  an  examination  of  the  above  data  it  becomes  at  once  evident  that 
the  temperature  of  SS^C  had  a  very  marked  influence  both  on  the  rate  and 
extent  of  solubihty  of  all  the  rocks  and  minerals,  both  leached  and  unlcached, 
with  few  exceptions.  Witli  the  exception  of  shalo,  and  kaolimite  the  rate 
of  solubility  was  considerably  hastened  and  the  extent  greatly  increased  in 
all  of  the  rocks  and  minerals.  In  some  of  the  rocks  and  minerals  the  amount 
of  material  that  went  into  solution  at  the  end  of  83  or  95  daj's  is  really  tre- 
mendous. Thus,  in  the  unleached  condition  the  depression  of  one  of  the 
biotite  granites  rose  from  ,019°  to  ,083°,  in  pegmatite  from  .025°  to  .137",  in 
quartzite  from  ,020  to  .132°,  in  siliceous  sandstone  from  ,030°  to  .058".  In 
the  leached  condition  the  depression  rose  in  amphibole  from  .010°  to  0.124°, 
in  chrysolite  from  0.005°  to  0.220°,  in  quartz  from  0.007  to  0,357°,  in  serpen- 
tine from  0.020°  to  0.340°  etc.  Expressing  these  depressions  in  parts  per 
million  of  solution,  the  amount  of  material  that  disolved  was  as  high  as  1050 
p. p.m.  in  some  of  the  unleached  rocks  and  as  high  as  4962  p.p.m.  in  some  of 
the  leached  minerals. 

Of  all  these  results  the  most  surprising  and  unexpected  are  those  yielded 
by  the  quartz  and  the  quartzites.  These  materials  gave  the  highest  solu- 
bility obtained  with  one  or  two  exceptions.  The  quartz  gave  a  solubility 
of  0.357°  and  the  baraboo  quartzite  0.278°  at  the  end  of  95  days,  and  two 
other  quartzites  0.113°  and  0.132°  respectively  at  the  end  of  83  days.  When 
it  is  considered  that  these  materials  are  supposed  to  be  composed  almost 
entirely  of  silica,  which  is  believed  to  be  very  insoluble,  their  tremendous 
solubility  is  certainly  most  surprising  and  unexpected.  Of  course,  these 
materials  were  impure,  as  indicated  both  by  their  rather  darkish  color  when 
finely  ground,  and  by  their  alkaline  reaction  to  phenolphthalein,  but  it  is 
hardly  believeable  that  they  contained  more  bases  than  some  of  the  other 
rocks  and  minerals  which  gave  a  considerably  smaller  solubility  product. 
Indeed  analyses  showed  that  this  solubility  product  consisted  almost  entirely 
of  soluble  silica  which  after  the  solution  became  supersaturated  with  it,  was 
precipitated  as  hydrated  silica.  Another  interesting  point  about  these  sili- 
ceous materials  is  that  their  rate  of  solubility  is  highest  not  at  the  beginning 
but  after  a  long  time.  It  seems  as  though  after  a  certain  length  of  time  in 
contact  with  water  and  at  the  high  temperature,  they  underwent  decompo- 
sition and  allowed  material  to  go  into  solution  more  rapidly. 

The  high  temperature  did  not  increase  the  solubility  of  kaolinite  and  shale 
and  one  of  the  ferrugineous  sandstones.  The  initial  depression  of  the  freez- 
ing point  of  the  shale  and  of  one  of  the  ferrugineous  sandstones  not  only  did 
increase  at  the  high  temperature  but  actually  decreased.  Thus,  the  de- 
pression of  the  shale  decrcEtsed  from  0.65°  at  the  second  day  to  0.045°  at 
the  end  of  83  days,  while  that  of  the  ferrugineous  sandstone  diminished  from 
0.062°  the  third  day  to  0.042°  at  the  end  of  83  days,  The  shale,  behaved, 
as  it  will  be  recalled,  similarly  even  at  the  room  temperature. 

Although  at  room  temperature  the  solubility  of  nearly  all  the  rocks  and 
minerals  becomes  stationary  from  the  beginning,  at  the  ti'mperature  of 
53°C  it  continues  to  go  on  even  at  the  end  of  95  days,  without  any  apparent 
mgns  of  stopping,  and  in  some  cases  it  progresses  with  an  increased  velocity. 
T^ese  results  go  to  emphasize  two  important  facts:  (l)that  the  solubility 
of  ail  the  rocks  and  minerals,  with  few  exceptions,  is  so  slow  after  the  initial 
solubility  that  at  room  temperature  it  is  hardly  perceptible,  and  (2)  that  a 
higher  temperature  tends  to  decompose  or  hydrolize  them  slowly  but  per- 
ceptibly. 

Another  very  interesting  point  that  ia  revealed  by  the  solubility  results  ' 
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at  the  high  temperature  is  that  even  though  the  rocks  and  minerals  are 
cooled  to  two  or  three  degrees  below  zero  centigrade  the  solubility  product 
still  remains  high,  indicating  that  they  have  not  yet  reached  equilibrium  or 
the  saturation  point  at  the  temperature  of  53°C, 


Since  the  foregoing  study  showed  very  conclusively  that  a  temperature 
of  about  SS^C  had  a  very  marked  increasing  effect  on  the  solubility  of  nearly 
all  the  rocks  and  minerals,  a  desire  arose  to  investigate  the  influence  on  sol- 
ubility of  a  greatly  higher  tempeiature  but  at  a  shorter  period.  According- 
ly, into  a  second  series  of  freezing  point  tubes  were  placed  equal  amounts  of 
leached  powder  of  rocks  and  minerals  and  distilk^d  water  as  were  employed 
in  the  previous  temperature  series,  and  each  tube  carefully  weighed.  All 
the  tubes  then  were  set  in  an  autoclave  and  heated  for  8  hours  at  about  26 
pounds  steam  pressure.  This  steam  pressure  is  equivalent  to  a  temperature 
of  117''C.  The  tubes  were  then  taken  out  after  cooled,  brought  back  to 
the  original  weight  by  the  addition  of  distilled  water,  and  the  freezing  point 
depression  of  their  contents  determined.  In  table  13  and  14  are  presented 
the  data  obtained.  For  convenient  and  immediate  comparison  the  depress- 
ion before  heating  and  that  at  the  temperature  of  53°C  are  given  in  the  same 
tables. 
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TABLE  14.— E#«l  d/  ftraliiw  undtr 
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A  comparison  between  the  first  two  columns  to  the  left  in  the  above  tables 
reveals  at  once  the  fact  that  heating  the  rocks  and  minerals  under  a  steam 
pressure  of  26  pounds,  which  is  equivalent  to  a  temperature  of  117°C,  for 
8  hours,  markedly  increased  their  solubility  product,  and  this  increase  was 
greater  in  some  rocks  and  minerals  than  in  others.  The  increase  varies  from 
0  in  kaoUnite  to  0.032"  in  apatite,  to  0,069  in  marble  to  0,095  in  serpentine. 

By  comparing  the  last  two  columns  to  the  right,  however,  it  is  immediately 
seen  that  the  increase  of  solubility  under  the  steam  pressure  was  not  any- 
where as  great,  especially  in  some  rocks  and  minerals,  as  that  at  the  tem- 
perature of  SS^C  at  the  end  of  95  days.  Under  steam  pressure,  for  instance, 
the  depression  of  the  amphibole  was  only  0.032,°  and  serpentine  0.115°C, 
while  at  the  temperature  of  53°C  at  the  end  of  65  days  it  was  0.124°  and 
0.340''C  respectively.  Evidently,  therefore,  the  steam  pressure  of  26  pounds 
for  8  hours  did  not  produce  the  same  amount  of  solubility  as  the  temperature  of 
53°C  for  95  days. 

Under  steam  pressure  the  solubility  waa  affected  not  only  by  the  tempera- 
ture but  probably  also  by  pressure.  To  what  extent  the  latter  influences  it 
cannot  be  stated. 

nam  ahd  sstbst  of  solubiijity  of  unlbacbbd   boces    akd   MitfeiBALS 
yfasm  thb  seiatio  of  soled  to  liquid  was  i  to  o,  and  mixtueb  iuain- 

TAIfTEID  AfT  BOOU  TEOfFOBATDRItl  AIND  AIjSO  AT  A  TBOlPilRArrUBB  OF  63'^. 

Definite  compounds,  at  any  given  temperature  have  a  definite  solubiUty 
which  is  independent  of  the  relative  masses  of  solid  and  liquid.  In  the  case 
of  soils  it  was  found  that  their  solubiHty  product  depended  upon  the  relative 
masses  of  solid  liquid.  In  onler  to  ascertain  more  definitely  than  is  indicated 
by  the  foregoing  results,  if  the  solubiUty  of  minerals  and  rocks  is  also  inde- 
pendent of  the  relative  masses  of  solid  and  liquid  a  series  of  experiments 
were  performed.    The  procedure  consisted  of  adding  25  cc  of  distiUed  water 
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to  5  grams  of  unleached  minerals  and  rocks  and  determining  the  freezing 
point  depression  of  the  mixture  immediately  and  at  various  intervals  for  a 
prolonged  period.  Two  different  temperatures  were  employed  in  this  series 
of  experiments:  room  temperature  and  a  temperature  oi^53''C.  The  results 
obtained  are  shown  in  the  tables  15  and  16. 

TABLE  IS.— Salt  and  ixten 
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tral  a!  lolubility  of  vnlfnchcd  minfrolt  and  rocta  vhts  llie  r 


.  o/  .olid  la  liQui'l 


ApatllB 

Amphibole 

Apophylllle 

ChrysoUle 

GypBUia 

HemBtlie 

Kaollnlte 

Ollgoclue 

Prochloiite 

Pyraione 

Quartz 

Secpenllne 

BlderiW 

Stilblle 

Talc 

Banded  blol lie  granite 

Blotlts  granite 

Compact  IKhogrophlc  Umeelone. . 
Cnimbled  mlca-sctilst 

DIorite 

Hornblcnd  basalt 

Marble  (dolomltic) 


QuartxlCe  (barahoo).  . 

Red  rooHng  slate 

Shale 

Syenite 


Considering  first,  (able  15  which  contains  the  data  obtained  at  room  tem- 
perature and  comparing  it  with  the  corresponding  tables  5  and  6  it  will  be 
readily  seen  that  with  few  exceptions  the  solubility  in  all  the  rocks  and  min- 
erals is  much  smaller  at  the  ratio  of  1  of  solid  to  5  of  liquid  than  it  is  at  the 
ratio  of  1  of  solid  to  0.75  of  liquid.  Indeed,  in  the  majority  of  minerals  and 
rocks  the  magnitite  is  only  one-half  or  one-third  as  large  at  the  ratio  of  1  to 
5  as  it  is  at  the  ratio  of  1  to  0.75.  In  some  of  the  minerals,  however,  such  as 
the  calcite,  gypsum,  hematite,  limonite,  etc.,  the  solubility  product  at  cor- 
responding dates  is  about  the  same  at  both  ratios. 

These  results,  therefore,  are  very  much  the  same  as  those  obt^ed  with 
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soils  under  the  same  conditions,  and  would  go  to  indicate  that  the  minerals 
and  rocks  employed  do  not  seem  to  have  a  definite  Eolubihty,  with  few  ex- 
ceptions. If  they  do,  their  rate  of  solubility  is  so  extremely  slow  at  ordinary 
temperatures  that  they  may  never  attain  complete  equilibrium. 

Considering  next  table  16  which  contains  the  results  obtained  at  the  tem- 
perature of  53''C  it  becomes  at  once  apparent  that  even  at  the  high  ratio  of 
liquid  to  solid  the  elevated  temperature  had  a  very  pronounced  iiifluence  on 
the  solubility  product  on  all  of  the  minerals  and  rocks  with  few  exceptions. 
By  comparing  these  results  with  those  in  tables  11  and  12  it  is  readily  seen 
that  the  solubility  product  at  the  ratio  of  1  to  5  is  about  as  great  as  that  at 
the  ratio  of-  1  to  0.75,  at  the  corresponding  dates.  Evidently,  therefore, 
at  the  elevated  temperature,  the  solubility  product  of  the  minerals  and  rocks 
is  not  so  dependent  on  the  relative  masses  of  solid  to  liquid,  as  it  is  at  lower 
temperature.  This  fact,  however,  does  not  mean  that  the  various  minerals 
and  rocks  have  a  definite  solubility. 

IHSCUISSION  OF  (BB91ILTS 

The  experimental  results  thus  far  presented  have  shown  the  following 
main  facts : 

(1)  That  the  amount  of  readily  soluble  material  in  the  unleached  pow- 
der of  rocks  and  minerals  is  quit«  appreciable,  especially  in  some  rocks  and 
minerals. 

(2)  At  room  temperature  the  quantity  of  additional  solubility  after  the 
initial  solubility  both  in  the  unleached  and  leached  rocks  and  minerals  is 
extremely  small,  even  for  a  period  of  over  one  hundred  days. 

(3)  At  the  temperature  of  53°C  and  also  at  the  steam  pressure  of  26 
pounds,  the  solubility  of  nearly  all  the  rocks  and  minerals  employed  was 
considerably  increased,  and  in  some  rocks  and  minerals  greatly  more  than 
in  others. 

(4)  At  room  temperature  the  solubility  of  rocks  and  minerals  was  much 
smaller  at  the  ratio  1  of  solid  to  5  of  liquid  than  at  the  ratio  of  1  to  0.75,  At 
the  temperature  of  SS^C,  however,  it  was  about  the  same  at  both  ratios  for 
the  same  date. 

(5)  The  solution  of  all  the  rocks  and  minerals  employed  reacted  alkaline. 

From  these  experimental  facts  two  outstanding  conclusions  are  very  ap- 
parent, namely  (1)  that  the  rocks  and  minerals  employed,  with  few  excep- 
tions, do  not  show  a  definite  solubility  as  definite  chemical  compounds  do; 
and  (2)  the  equilibrium  attained  in  solubility  at  the  various  moisture  con- 
tents and  temperatures  is  only  apparent  and  not  real  or  absolute. 

A  consideration  of  the  nature  and  composition  of  the  rocks  and  rock  form- 
ing minerals  together  with  the  type  of  their  reaction  with  water,  makes  the 
al>ovc  experimental  facts  and  conclusions  appear  reasonable  and  logical. 

The  minerals  which  go  to  make  the  rocks  are  largely  salts  of  a  strong  base 
or  bases:  sodium,  potassium,  calcium,  magnesium,  ferrous,  iron,  manganese, 
etc.,  combined  with  a  weak  inorganic  acid:  silicic,  aluminic,  alumino-silicic, 
fcrro-silicic,  etc.  It  logically  follows,  therefore,  that  water  not  only  dis- 
solves them  but  also  hydrates  them  and  hydrolyzes  them.  Their  alkaline 
reaction  is  a  strong  proof  that  they  are  hydrolyzed.  On  account  of  their 
complex  composition,  relatively  difficult  solubiUty,  and  their  tendency  to 
hydrate  and  to  hydrolyze  with  water,  probably  they  should  not  be  expected 
to  give  a  definite  solubility  or  a  true  condition  of  chemical  equilibrium. 
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The  marked  increase  in  soluble  content  at  the  higher  temperature  is  un- 
doubtedly wholly  the  result  of  hydrolysis.  The  high  temperature  helped 
the  minerals  and  rocks  to  decompose  and  hydrolyze  more  rapidly. 

The  material  which  went  into  solution  was  not  analyzed  and  consequently 
no  discussions  will  be  presented  here  regarding  its  composition.  This  paper 
will  be  restricted  only  to  the  presentation  of  the  results  and  to  those  dis- 
cussions warranted  by  the  results.  The  chemical  composition  of  the  solu- 
bility product  of  the  rocks  and  minerals  together  with  the  germain  discus- 
sions and  theories  will  form,  it  ia  hoped,  the  subject  matter  of  a  later  paper. 

Finally  it  should  be  stated  that  the  marked  increase  in  solubility  of  the 
rocks  and  minerals  at  the  higher  temperatures  throws  a  new  light  and  fur- 
nishes a  good  proof  that  the  large  increase  in  solubility  obtained  in  soils  at 
similar  high  temperatures,  in  the  pre\'ious  investigation,  was  not  due  wholly 
to  the  decomposition  of  the  organic  matter  content  but  also  to  the  solubility 
and  hydrolysis  of  the  mineral  particles  of  the  soils. 

BATE  AND  BXTDST  OP  BOLUBIUTY  OF  I«00KS  AND  MINERALS  rPRBATBD  WITH 
6INGLE  SAI/r  SOLTTTIONiS  AND  THEN  WASHED  UNTTL  AM,  TIIEUE  IFREIB  SOLD- 
BUB  BAI/TS  WEKiE  BLIMINATQD.  RATIO  OF  SOLID  TO  DDSTtlXBD  WATQS 
WAS   1   TO   0.7S    Attn  lUIXTUBIlS   UAINTAINiBD    AT  KOOM   TEOtPBRATUBB. 

In  treating  soils  with  salt  solutions,  then  washing  them  until  all  the  free 
soluble  salts  were  eliminated  and  then  studying  their  solubility,  it  was  found 
that  some  of  the  salts  greatly  increased  the  rate  and  extent  of  solubility  of 
all  the  different  classes  of  soil  except  sand,  while  other  salts  had  very  little 
or  no  effect  upon  the  solubility. 

Since  these  results  are  of  considerable  theoretical  as  well  as  practical  in- 
terest and  importance,  it  was  deemed  advisable  to  repeat  the  investigation 
also  with  rocks  and  minerals.  The  procedure  consisted  of  mixing  about 
50  grams  of  powder  of  rocks  or  minerals  with  250  cc.  of  N/10  solution  of  Ca 
{NO,},,  NaNO.,  KNO„  KCI,  (NHOiSO*,  NaCl,  K^O^,  CaH,(PO0i,  KH, 
PO.,  and  NaCjH,Oi,  allowing  the  mixtures  to  stand  for  about  24  hours  at 
room  temperature  and  occasionally  stirring  and  then  leaching  the  solid  ma- 
terial with  distilled  water  until  entirely  free  from  soluble  salts.  The  washed 
powder  wa^  then  placed  in  tubes  with  a  water  content  of  about  1  of  solid  to 
0.75  of  water  and  its  freezing  point  depression  determined  in  the  usual  man- 
ner.    Table  17,  18  and  19  represent  typical  results  obtained. 
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TABLE  17. — Ratt  and  extent  of  lelulntily  of  poiml*T«i  bietitt  araniU  a\ith  icai  firU  treaitd  vritk   tail 
loluhsiu  and  thin  vathtd  until  all  itlublt  ulti  Ktri  tliminattd.     Ralia  0/  wudergd  roek  to  diUillltd 
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TABLE  16, — Rait  and  attent  of  tatubilUy  af  orllivclatt  » 
oathKl  until  aU  toluble  uUa  icere  iliminaltd.     Ratio 


IB  diiliUcd  •catrr  imi  about  I 


Ca(NOi). 

N«NO. 

KNOj 

KCL 

(NH4)£0 

N»CI 

K^O, 

CaH.(POi)t)... 

KHiPO, 

NtCiHfOi 

Check . 

The  above  data  show  that  the  treatments  of  the  rocks  and  minerals  used 
with  the  various  salt  solutions  influenced  very  little  if  any  the  rate  and  ex- 
tent of  their  solubility.  It  will  be  readily  seen  that  the  increased  solubility 
is  very  slight  over  the  checks.  The  greatest  increase  generally  occurred  in 
the  {NH,),SO.,  NaNO,,  NaCI  and  NaC.H,Oi  treatments  and  the  least  in 
CaH.CPO.).  and  KH,PO.. 

The  treatment  of  salts,  therefore,  did  not  have  as  marked  influence  on 
the  solubility  of  rocks  and  minerals  as  they  did  on  soils.  The  results  with 
rocks  and  minerals  resemble  very  much  those  of  quartz  sand. 


THE  BOLDBILITT   OF  ROCKS   AND    MINERALS    IN   THE   PRESENCE   OF  SALTS 

Id  the  preceding  study  only  the  residual  effect  of  salt  treatments  on  the 
solubility  of  rocks  and  minerals  could  be  studied.  In  order  to  ascertain 
if  the  presence  of  salts  for  long  periods  in  contact  might  have  a  greater  effect 
upon  the  solubility  of  rocks  and  minerals,  an  investigation  upon  this  subject 
was  undertaken.  It  consisted  of  treating  20  grams  of  powdered  rocks  and 
minerals  with  15cc.  of  N/10  solutions  of  Ca(NO.)„  NaNO,,  KNO„  KCt, 
(NHO^O.,  NaCl,  K^O.,  CaH.{PO.)„  KH,PO,  and  NaC,H,0„  and  deter- 
mining the  freezing  point  immediately  and  at  various  intervals  thereafter 
for  long  periods.  The  solubility  effect  and  reaction  could  be  ascertained  frcm 
the  difference  in  the  freezing  point  depression  between  that  of  the  solution 
alone  and  of  the  solution  and  solid,  and  from  the  difference  in  the  freezing 
point  depression  at  the  various  periods.  Some  of  the  typical  results  obtained 
are  detailed  in  tables  20  to  22  inclusive. 
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The  above  experimental  data  reveal  at  least  five  very  interesting  points: 
(1)  that  the  reaction  between  the  salt  solutions  and  rocks  and  minerals  is 
very  rapid  if  not  almost  instantaneous;  (2)  in  all  of  the  rocks  and  minerals 
and  in  all  of  the  salt  solutions,  the  freezing  point  depression  of  the  mixture 
was  slightly  smaller  than  in  the  solutions  alone,  indicating  that  there  was 
a  reaction  between  the  solvent  and  the  solute  or  solid;  (3)  with  the  exception 
of  the  CaHi(PO,)i  and  KHjPO*  mixtures,  the  depression  in  all  of  the  other 
mixtures  remained  almost  constant,  with  a  very  slight  tendency  to  increase; 
(4)  the  depression  of  all  the  CaH.{POi)  and  KHiPOi  treated  rocks  and  min- 
erals decreased  very  greatly,  indicating  that  the  phosphate  was  being  ab- 
stracted by  the  powdered  rocks  and  minerals;  (5)  salts  had  very  little,  if  any, 
increasing  effect  on  the  solubility  of  the  various  rocks  and  minerals. 

It  will  be  of  interest  to  mention  here  that  the  treatment  of  rocks  and  min- 
erals with  salts  yielded  exactly  the  same  type  of  results  as  soils  similarly 
treated  (4). 


In  the  present  paper  there  are  presented  the  results  of  an  investigation 
on  the  rate  and  extent  of  solubihty  of  the  most  common  soil-forming  rocks 
and  minerals  at  different  moisture  contents,  under  different  salt  treatments, 
and  at  various  temperatures. 

The  method  employed  in  measuring  the  rate  and  extent  of  solubility  was 
the  freezing  point  method.  This  method  proved  quite  appropriate  for  the 
purpose. 

It  was  found  that  when  very  fine  powder  of  rocks  and  minerals  in  the  un- 
leached  condition  was  mixed  with  distilled  water  in  the  ratio  of  1  of  solid 
to  0.75  of  water,  the  amount  of  material  that  went  into  solution  immediately 
was  quite  appreciable  in  all  the  rocks  and  minerals  and  in  some  rocks  and 
minerals  more  than  in  others.  The  freezing  point  depression  for  instance, 
varied  from  0.0080°  in  quartz  to  0,057"  in ferrugineous sandstone,  to  0.069° 
in  apophyllite.  Expressing  these  depressions  in  p. p.m.  of  solution  then  the 
concentration  varies  from  100  p.p.m.  in  quartz  to  711  in  ferrugineous  sand-  i 
stone,  to  975  in  apophylhte.  H)gle 
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At  a  lower  moisture  content  the  freezing  point  depression  and  consequent- 
ly the  concentration,  is  considerably  greater  in  most  of  the  rocks  and  min- 
erals. 

When  the  powdered  rocks  and  minerals  are  leached  with  distilled  water 
the  freezing  point  depression  is  greatly  decreased  in  all  of  them,  with  few 
exceptions.  These  results  go  to  show  that  the  material  in  the  finely  pow- 
dered rocks  and  minerals  which  goes  very  readily  into  solution,  is  washed 
away,  and  its  place  is  not  immediately  taken  by  other  soluble  material,  with 
few  exceptions. 

At  room  temperature  the  rate  and  extent  of  solubility  of  the  rocks  and 
minerals  both  in  the  leached  and  unleached  condition  are  very  small  after 
the  initial  solubility,  even  for  a  period  of  over  100  days.  The  increase  is 
only  about  0.010°  C  or  less  at  the  end  of  107  days.  With  few  exceptions,  the 
leached  rocks  and  minerals  did  not  attain  the  same  degree  of  freezing  point 
depression  or  concentration  of  solution,  as  existed  before  leaching. 

In  few  rocks  and  minerals,  especially  in  shale  and  serpentine,  there  is  a 
tendency  for  the  initial  material  in  solution  to  go  out  of  solution,  or  at  least 
the  freezing  point  depression  decreases  with  lapse  of  time."  This  is  true 
mainly  at  room  temperature. 

At  the  temperature  of  53°  C  for  95  days  and  at  the  steam  pressure  of  26 
pounds  for  8  hours,  the  rate  and  extent  of  solubility  both  in  the  leached  and 
unleached  condition  were  greatly  increased  in  all  the  rocks  and  nunerab, 
excepting  the  shale  and  kaolinite.  Thus,  at  the  temperature  of  53°  C  and 
in  the  unleached  condition  the  depression  of  a  biotite  granite  rose  from  0.019° 
to  0.083°,  in  pegmatite  from  0.025°  to  0.137°,  in  quartzite  from  0.020°  to 
0.132  ,  in  siliceous  sandstone  from  0.030°  to  0.058C°.  In  the  leached  con- 
dition it  rose  in  amphibole  from  0.010°  to  0.124°,  in  chrysolite  from  0.005° 
to  0.220°,  in  quartz  from  0.007°  to  0.357°,  in  serpentine  from  0.020°  to  0.340° 
etc. 

Of  all  the  results  the  most  surprising  and  unexpected  were  those  yielded 
by  the  quartz  and  the  quartzites  at  the  higher  temperatures.  These  ma- 
terials gave  the  highest  solubility  product,  with  one  or  two  exceptions.  The 
quartz  gave  a  solubility  of  0.357°,  the  three  varieties  of  quartzite  0.113°, 
0.132°,  and  0.152°  respectively.  This  is  indeed  a  tremendous  solubility 
for  these  materials.  They  were,  however,  not  absolutely  pure  but  the  ma- 
terial in  solution  consisted  almost  entirely  of  silica. 

A  very  interesting  and  significant  point  in  regard  to  the  solubility  of 
many  rocks  and  minerals  and  especially  of  the  siliceous  materials,  is  the 
fact  that  the  rate  of  solubility  at  the  temperature  of  53°  was  not  most  rapid 
at  the  beginning  but  after  a  long  time.  This  phenomenon  would  seem  to 
suggest  the  theory  that  the  rocks  and  minerals  required  a  certain  length  of 
time  under  this  temperature  before  they  began  to  decompose  or  hydrolyze 
rapidly. 

The  materials  whose  solubihty  was  not  increased  by  the  higher  temper- 
atures were  shale  and  kaolinite. 

The  initial  depression  of  shale  and  of  one  variety  of  the  ferrupneous  sand- 
stone, decreased  even  at  the  highest  temperature. 

Although  at  room  temperature  the  solubihty  of  all  the  rocks  and  minerals 
became  practically  stationary  immediately,  at  the  temperature  of  53°C  it 
continued  to  go  on,  even  at  the  end  of  95  days  without  any  apparent  signs 
of  stopping,  and  in  some  of  them  it  progressed  with  increased  velocity. 

The  material  which  goes  into  solution  at  the  high  temperature  still  per- 
sists when  the  mass  is  cooled  to  -3°C  indicating  that  equilibrium  or  the  sat- 
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uration  point  was  not  yet  attained  at  the  high  temperature  at  the  end  of 
95  days. 

The  solubility  product  of  the  rocks  and  minerals  at  the  ratio  of  5  of  water 
to  1  of  solid,  was  greatly  smaller  than  that  at  the  ratio  of  1  of  water  to  0.75 
of  solid,  at  room  temperature.  At  the  temperature  of  5^°C  it  was  about 
the  same  at  both  ratios. 

The  results  as  a  whole  point  to  two  outstanding  conclusions:  (1)  that 
the  rocks  and  minerals  employed,  with  few  exceptions,  do  not  show  a  definite 
solubility  as  definite  compounds  do;  and  (2)  the  equiUbrium  attained  in 
solubility  at  the  various  moisture  contents  and  temperatures  is  only  ap- 
parent and  not  real  or  absolute. 

A  consideration  of  the  nature  and  composition  of  the  rocks  and  minerals 
together  with  the  type  of  their  reaction  with  water,  makes  the  above  experi- 
mental facts  and  conclusions  appear  reasonable  and  logical. 

The  large  increase  in  soluble  content  in  the  rocks  and  minerals  at  the 
higher  temperatures  is  probably  largely  the  result  of  hydrolysis. 

All  the  rocks  and  minerals  employed  without  a  single  exception  reacted 
alkaline,  using  phenolphthalein  and  red  litmus  paper  as  indicators.  There 
were  few  rocks  and  minerals  which  failed  to  show  alkalinity  with  phenol- 
phthalein but  they  turned  red  litmus  blue  very  readily. 

The  marked  increasing  effect  of  the  higher  temperatures  on  the  solubility 
of  rocks  and  minerals  goes  to  prove  that  the  large  increase  in  solubility  ob- 
tained in  soils  at  similar  high  temperatures  was  not  due  wholly  to  the  de- 
composition of  the  organic  matter  content  but  also  to  the  solubility  and 
hydrolysis  of  the  mineral  particles  of  the  soils. 

Treating  the  rocks  and  minerals  with  salt  solutions  and  then  washing 
them  until  free  of  soluble  salts,  had  very  tittle  if  any  effect  upon  the  rate 
and  extent  of  solubility,  at  ordinary  temperature. 

Even  when  the  salts  were  allowed  to  remain  in  contact  with  the  rocks 
and  minerals  for  long  time  the  solubility  was  very  little  if  any  increased, 
at  ordinary  temperature. 

•Manuscript  submitted  tor  publication  July.  1920. 

Is  undM  Different  Treatmonls  and   Coo- 
on  tbe  Freezing  Point  Lowsring  of  SolU. 

(3)  EnCensive  bibliograplu  upon  the  solubility  of  rocka  and  minerals  will  be  found  In  U.  B.  Bureau 

fSoltB,  Bulletin  No.  3  (IWi).  by  Frank  K.  Cameron  andJames  M.  Bell;  and  In  Sail  Science  ot  October, 
S10  In  an  article  by  E.  De  TurkentUled  "Potassium  Bearins  Minerals  aa  a  source  at  Potass lum  lor  Plant 
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Investigation B  on  the  solubility  of  soils  and  effects  of  soluble  salt  treat- 
ments on  the  solubility  of  soils,  rock  powders  and  miscellaneous  materials 
have  been  undertaken  in  this  laboratory  and  some  of  the  results  have  been 
published.  See  Bouyoucos  and  McCool  (1),  Bouyoucos  and  Laudeman 
(2),  McCool  and  Millar  (5)  and  Bouyoucos  (3,  4).  Chemical  analyses  of 
several  soil  extracts  from  various  treatments  have  been  made.  Spurway 
(7)  showing  immediate  and  residuary  effects  from  a  general  chemical  stand- 
point. In  order  to  more  accurately  interpret  the  reactions  between  soils 
and  chemicals  commonly  applied  as  fertilizers,  however,  it  was  considered 
necessary  to  extend  the  researches  to  a  study  of  the  effects  of  these  com- 
pounds on  soils  of  different  kinds,  bearing  in  mind  the  nature  of  the  soils 
aa  well  as  the  character  of  the  fertilizer  salts  and  other  compounds  used. 
Accordingly  a  study  of  fixation  in  soils  of  different  classes,  acid  and  alkaline 
to  litiraus  paper  was  undertaken  in  an  attempt  to  determine,  if  possible, 
the  nature  of  the  reactions  and  soil  components  involved  and  to  throw  more 
light  on  the  phenomena  of  fixation  in  soils  and  its  practical  significance 
particularly  with  respect  to  the  disposition  of  nutrient  elements  of  applied 
fertilizers  in  various  soil  classes. 

Whatever  may  be  the  true  explanation  of  the  processes  involved  in  these 
reactions  it  is  apparent  that  further  progress  in  this  line  of  work  depends 
in  a  ]atfc,e  measure  on  increasing  our  knowledge  concerning  the  chemical 
constitution  of  soils,  and  the  practical  significance  of  various  soil  components, 
and  devising  methods  for  quantitative  determinations  of  these  components. 

niSTORICAIL 

A  review  of  the  literature  concerning  the  effects  of  chemical  compounds 
on  soils  and  various  other  materials  particularly  with  respect  to  the  phe- 
nomena known  as  "adsorption";  "absorption"  and  "fixation  and  exchange 
of  l)ases"  revealed  the  fact  that  considerable  work  had  been  done  by  in- 
vestigators working  along  these  lines.  These  investigations  have  brought 
forth  many  valuable  basic  data  establishing  principles  by  abundant  proofs, 
together  with  a  number  of  conflicting  results  and  opinions.  After  studying 
the  work  of  many  investigators  pertaining  to  the  subject  at  hand  the  author 
was  le<i  to  conclude  that  when  conflicting  results  occurred  they  were  prob- 
ably due  to  the  use  of  various  substances  of  dissimilar  chemical  composition, 
in  conjunction  with  chemical  compounds  of  different  classes,  and  also  to 
the  use  of  a  diversity  of  methods. 

Because  of  the  fact  that  reviews  of  this  literature  have  been  made  in  con- 
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nectioD  with  the  work  of  other  investigators  and  that  considerable  space 
would  be  required  to  treat  the  subject  satisfactorily  it  was  considered  in- 
expedient and  unadvisable  to  give  a  complete  review  of  the  subject  literature 
here.  The  work  of  Prescott  (6)  gives  in  a  concise  form  the  salient  points 
of  the  research  in  this  field  and  the  reader  is  refen;ed  to  this  work  as  being 
representative  of  the  general  situation.  A  list  of  cited  references  to  litera- 
ture on  the  subject  under  discussion  is  given  at  the  end  of  this  publication. 

The  whole  field  of  experimentation  along  this  line  appears  to  be  perme- 
ated by  three  schools  of  though.  Some  investigators  favor  the  claim  that 
the  reaction  between  chemical  compounds  and  soils  and  other  substances 
is  in  general  a  chemical  process,  while  others  are  inclined  to  the  opinion  that 
the  phenomena  involved  can  be  explained  by  the  action  of  physical  forces, 
and  still  others  combine  physical  and  chemical  laws  in  explanation  of  their 
results, 

HXPERIMBNTAI. 
MBTIIOD  OF  PROCEDDiRB 

The  research  reported  in  this  publication  was  designed  primarily  to  study 
reactions  between  neutral  salts,  bases  and  hydrolyzing  salts  and  alkaline 
and  acid  soils  of  various  classes.  In  order  to  eliminate,  as  much  as  possible 
the  possibility  of  secondary  and  continuous  reactions  as  undoubtedly  occur 
in  percolation  methods,  the  decantation  method  was  used.  The  experi- 
mental procedure,  except  where  otherwise  noted,  consisted  in  brining  to- 
gether 100  gm,  of  air  dried  soil  and  500  c.c.  of  solution  into  intimate  contact 
at  laboratory  temperature  in  glass  containers  for  a  period  of  time  of  one 
hour,  and  the  soil  solution  separated  by  decanting  and  filtering  through 
paper.  The  soil  extracts  were  analyzed  by  standard  methods  for  the  sub- 
stance under  consideration.  Results  are  reported  in  grams  except  where 
otherwise  noted.    Computations  were  based  on  500  c.c.  of  extract. 

EFFECTS  OF  NEUTRAL  SALTS 

Fixation  of  Potassium  from  KCl  and  Liberation  of  Calcium  from  a  Series 
of  Miscellaneous  Soils 

The  effects  of  a  KCl  solution  on  a  series  of  miscellaneous  soils  were  first 
studied  in  an  attempt  to  correlate  the  degree  of  fixation  of  potassium  with 
some  soil  characteristic.  Table  1  contains  the  results  of  this  investigation 
obtained  from  24  soils  collected  from  the  glacial  formations  conmion  to 
central  Michigan.  The  table  is  divided  into  two  sections  based  on  the  pre- 
sence or  absence  of  carbonates  in  the  soils  as  determined  by  the  HCl  test, 
and  the  results  arc  presented  in  order  of  increasing  quantities  of  potas^um 
fixed  by  the  soils.  These  soils  were  dried  in  the  air  and  passed  through  a 
2  m.m  mesh  sieve. 
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(Non-airbonate  soils 

Reaction 

».„<^. 

^"fl!ES""' 

CalFium 
In  solution. 

Chlorine 
in  BOlullon. 

Dtaolved  by  0.2  N  HCl 

No. 

Calcium. 

SlOi 

21 
20 
23 
14 

24 

a 

22 

16 
11 

BC 

al 
oc 
al 
al 
H 

Medium  sand.... 
Medium  sand.... 

Medium  sand 

Medium  sand.... 

Sandy  loam 

Sandy  loam 

Sandy  loam 

Band;  loam 

Sandy  loam 

Silt  loam 

Silt  loam 

Sandy  loam 

Silt  loam 

0 

0 
0 

0 

0 
0 

0 

0332 

0488 

0610 

0657 
0665 

0910 

0 

0 
0 
0 
0 

0114 

0108 

0203 

0228 
0372 

0 
0 
0 

3820 

3620 

3620 

3620 
3582 
3682 
3038 

0 

0 

0318 

0315 
0474 
0406 

0740 

0780 

1MB 
1091 

0 

0 
0 

0320 
0300 
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(Carbonate  soils.) 


Medium  sand. . 
Sandy  loam. . , . 
Sandy  loam.... 
Sandy  loam 

sat  loam 

Silt  loam 


The  reaction  of  the  soils  as  indicated  in  Table  1  was  determined  by  the 
litmus  paper  test.  It  may  be  observed  that  some  non-carbonate  soils  gave 
an  alkiuine  reaction  and  some  carbonate  soils  gave  an  acid  reaction.  The 
acid  reaction  of  the  carbonate  soils  may  be  explained  on  the  basis  that  the 
ci^bonates  present  were  composed  of  coarse  particles  widely  distributed 
through  the  soil  mass,  a  point  observed  during  the  testing  operation  for  the 
presence  of  carbonates.  The  alkalinity  of  the  non-carbonate  soils  may  be 
due  to  the  presence  of  carbonates  in  too  small  quantities  to  be  observed 
by  the  acid  test  or  to  alkaline  silicates.  The  most  important  feature'  of 
this  table  is  the  general  agreement  between  the  quantities  of  potassium 
fixed  and  of  calcium  found  in  the  solutions  in  all  the  soils  and  also  between 
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the  quantities  of  potassium  fixed  and  of  calcium  and  Sid  dissolved  by  0.2 
N  HC]  in  the  non-carbonate  soils.  This  general  agreement  of  results  leads 
to  the  conclusion  that  soil  calcium  in  some  definite  combination,  probably 
as  silicate,  may  be  largely  responsible  for  the  fixation  of  potassium  from 
KCl.  A  large  number  of  chemical  determinations  have  been  made  on  these 
soils  and  some  of  these  results  have  been  published,  Spurway  (8),  but  no 
correlations  with  fixation  of  potassium  from  KCl  except  those  shown  in 
Table  1  have  been  observed.  There  is  no  evidence  of  fixation  of  chlorine 
from  the  KCl  by  the  soils  used  in  this  experiment,  and  from  this  standpoint 
the  results  are  in  agreement  with  those  oi  many  other  investigators.  Other 
observations  made  in  connection  with  the  soils  under  discussion  are  ae  fol- 
lows: (1)  All  the  solutions  were  alkaline  to  red  litmus  paper  except  those 
from  soils  No.  20  and  23.  (2)  The  quantities  of  chlorine  added  to  the  so- 
lutions were  in  excess  of  the  quantities  required  to  combine  with  the  po- 
tassium and  calcium  found  by  analysis,  therefore,  other  chlorides  were  present 
The  reaction  of  the  solutions  indicates  that  iron  or  aluminimi  may  not 
have  been  present  as  chlorides  at  least  in  any  appreciable  quantities,  and 
the  observed  excess  of  chlorine  may  have  been  combined  with  sodium  or 
magnesium.  The  investigation  was  continued  along  similar  lines  in  order 
to  settle  this  point  if  possible. 

The  following  experiments  were  limited  to  a  smaller  number  of  soils.  Eight 
soils  were  selected  of  four  principal  classes  as  follows:  medium  sand,  sandy 
loan,  silt  loam  and  clay  loam  including  an  alkaline  and  acid  soil  of  each  class. 
All  them  alkaline  soils  were  especially  low  in  carbonate  content  except  the 
alkaline  medium  sand  which  contained  carbonate  from  applied  limestone. 
These  soils  were  dried  in  the  air,  passed  through  a  2  m.m.  mesh  sieve  and 
treated  the  same  as  the  soils  in  the  foregoing  experiment.  The  soil  classes 
are  indicated  by  their  initials  in  the  tables  and  the  reaction  refers  to  the  lit- 
mus paper  test.     Results  are  reported  in  Table  2. 

Fixation  of  Potassium  from  KCl  and  Liberation  of  Calcium  and  Magnesium 

from  a  Series  of  Alkaline  and  Acid  Soils 

of  Various  Classes 
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Ab  shown  in  Table  2,  the  quantities  of  potassium  fixed  from  the  KCl 
solutions  by  this  second  series  of  soils  were  closely  equivalent  to  the  quantities 
of  calcium  and  magnesium  found  in  the  solutions.  An  attempt  was  made 
to  determine  sodium  in  the  solutions  from  the  clay  loam  soils  but  the  quan- 
tities of  this  element  present  were  considered  too  small  for  quantitative 
gravimetric  determination  and  hence  relatively  insignificant.  The  soil 
solutions  obtained  in  this  experiment  were  also  alkaline  to  red  Utmus  paper 
but  it  was  not  necessary  to  consider  that  iron,  aliuninum  or  sodium  were 
present  in  the  solutions  combined  with  chlorine  in  order  to  account  for  prac- 
tically all  of  the  Ghl6rine  in  the  solutions  not  combined  with  potassium;  the 
quantities  of  calcium  and  magnesium  found  were  very  nearly  sufficient  for 
thispurpose.  Thereactionwasapparently  chiefly  between  the  KCl  solutions 
and  the  calcium  and  magnesium  of  the  soils. 

All  the  alkaline  soils  except  the  clay  loam  showed  greater  fixation  of  potas- 
sium and  more  calcium  and  magnesium  in  their  solutions  than  did  the  acid 
soils  of  the  same  class.  The  increase  in  the  fixation  of  potassium  shown  by 
the  acid  clay  loam  over  the  other  member  of  this  class,  however,  was  accom- 
panied by  a  corresponding  increase  in  quantity  of  calcium  found  in  its  solution, 
and  this  effect  may  also  be  notes  in  subsequent  experiments  with  these  clay 
loam  soils  where  fixation  apparently  depends  on  soil  calcium.  Treating  the 
soils  with  HCl  and  then  washing  thoroughly  with  distilled  water  greatly 
lowered  the  degree  of  fixation  of  potassium  as  shown  in  Table  2.  This  effect 
was  considered  to  be  due  to  the  removal  of  calcimn  and  magnesiimi  by  the 
acid  treatment.  These  results  also  strongly  indicate  that  soil  calcium  and 
magnesium  may  be  the  principal  cause  of  fixation  of  potassium  in  the  soils 
under  experimentation. 

The  conclusion  seems  justified  that  the  reaction  was  practically  entirely 
between  the  neutral  salt  solution  and  calcium  and  magnesium  of  the  soils 
in  a  silicate  combination.  The  soil  factor  determining  the  degree  of  fixation 
of  potassiimi  is  apparently  the  quantity  of  calcium  and  magnesium  in  the 
soils  in  condition  to  react  with  the  salt  solution,  the  soil  calcium  having  by 
far  the  greater  influence.  It  is  recognized,  however,  that  certain  soils  may 
contain  other  elements  in  replaceable  combinations  and  the  proportions  of 
these  elements  may  vary,  and  also,  results  may  vary  with  varying  concentra- 
tions of  salt  solutions. 

Fixation  of  Potassium  from  K|S0,  and  KNOi  and  of  Ammonia  from 
(NH.)^0, 

Other  salts  of  potassium,  namely,  KiSOt  and  KNOj  and  also  (NH4)^0i 
were  used  in  a  manner  similar  to  KCl  in  order  to  study  their  effects  on  the 
series  of  different  soil  classes.  Table  3  contains  the  results  of  this  phase  of 
the  subject. 

Attention  is  called  to  the  principal  features  of  the  results  presented  in  Table 
3,  as  follows:  Fixation  of  potassium  from  KiSO*  and  KNOi  was  closely 
equivalent  in  quantity  to  that  fixed  from  KCl  by  these  soils  and  the  quanti- 
ties of  soil  calcium  exchanged  were  also  closely  equivalent.  Quantities  of 
NH«  fixed,  however,  were  not  closely  equivalent  to  those  of  potassium  fixed 
from  the  salts  used,  being  somewhat  smaller,  and  were  also  not  in  similar 
agreement  with  the  quantities  of  calcium  exchanged,  although  quantities  of 
calcium  liberated  by  the  NH»  -  ion  were  closely  comparable  to  those  found 
in  the  solutions  from  the  potassium  salts  treatments.  While  differences  must 
be  recognized  between  the  effects  of  the  potassium  and  ammonia  in  the  experi- 
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ment,  the  fact  that  the  fixation  of  ammonia  correlates  with  the  exchange  of 
CBlcium  indicates  that  the  same  general  causes  are  operating  in  each  case 
although  perhaps  to  a  different  degree.  The  analytical  determinations  may 
have  been  influenced  by  ammonia  from  soil  organic  matter  since  the  results 
for  fixed  NHi  are  lower  than  the  potassium  equivalents.  More  of  the  cations 
of  the  salts  was  fixed  by  the  alkaline  soils  of  similar  classes  than  the  acid  soils, 
except,  again,  the  acid  clay  loam  which  fixes  more  of  the  cations  and  liberates 
more  calcium  than  the  alkaline  clay  loam.  There  was  no  evidence  of  fixation 
of  anions  from  these  salts. 
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Since  the  foregoing  data  indicate  that  the  fixation  of  potassium  and 
ammonia  by  the  soils  may  be  due  chiefly  to  the  quantity  oF  calcium  and 
magnesium  contained  in  them  in  condition  to  react,  it  was  considered  advisa- 
ble to  experiment  with  calcium  and  magnesium  salts  to  determine  their  re- 
lationships. Accordingly  the  soils  were  treated  with  solutions  of  Ca(NOi)i, 
CaSOi,  CaCli  and  MgCli,  the  experimental  procedure  beir^  the  same  as 
that  followed  in  previous  cases.  Tables  4  and  5  contain  the  results  of  this 
expenment. 
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Tables  4  and  5  contain  some  interesting  and  important  results  and  estab- 
lish quite  conclusively  that  the  fixation  of  calcium  in  these  soils  depends 
upon  their  content  of  replaceable  mi^nesium  and  the  fixation  of  m^nesium 
upon  their  content  of  replaceable  calcium.  The  alkaline  soils  fixed  greater 
quantities  of  calcium  and  magnesium  than  did  the  acid  soils  of  the  same 
class  except,  again,  the  acid  clay  loam  which  fixed  a  greater  quantity  of 
magnesium  and  released  a  greater  quantity  of  calcium  than  the  alkaline  clay 
loam,  a  result  comparing  with  the  fixation  of  potassium  and  ammonia  by 
these  soils  from  the  salts  studied.  The  alkaline  clay  loam,  however,  fixed 
more  calcium  from  the  calcium  salts  and  released  more  magnesium  from  the 
potassium  and  ammonia  treatments  than  did  the  acid  clay  loam.    Mag- 
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nesium  was  not  determined  in  case  of  the  calcium  salts  treatments,  but  the 
order  of  magnitude  of  calciimi  fixation  in  these  experiments  follows  closely 
the  order  of  quantity  of  magnesium  liberated  from  the  soils  as  shown  in 
Table  2.  Also,  much  greater  quantities  of  calcium  were  fixed  by  the  soila 
after  treatment  with  a  MgCli  solution  containing  0.2581  gm.  magnesium 
per  500  c.c.  of  solution,  and  thorough  washing,  as  shown  in  Table  5,  column 
4;  evidence  that  the  fixation  of  calcium  in  these  cases  depended  upon  the 
quantity  of  magnesium  in  the  soils  in  condition  to  react.  Closely  equivalent 
relationships  between  magnesium  fixed  from  MgCli  and  calcium  foimd  in 
the  soil  solutions  are  shown  in  Table  5,  the  exact  equivalent  ratio  in  this  case 
being  1.6476.  Also,  calcium  and  magnesium  were  not  fixed  by  the  various 
soils  in  equivalent  quantities  showing  that  different  soil  factors  were  operat- 
ing in  each  case.  Aiiions  of  the  calcium  and  magnesium  salts  were  not  fixed 
by  the  soils  to  any  great  extent  at  least,  and  the  solutions  from  all  the  cal- 
cium and  magnesium  salt  treatments  were  alkaline  to  red  litmus  paper. 

Reversibihty  of  the  Hxation  Processes 

It  was  previously  shown  that  the  fixation  of  m^nesium  by  the  soils  was 
reversed  by  a  calcium  salt  treatment  and  that  the  magnesium  treated  soils 
fixed  much  more  calcium  than  the  same  soils  in  a  natural  state.  Another 
experiment  was  made  to  determine  the  reversibility  of  other  fixed  cations  by 
causing  cations  to  be  fixed  in  soils  and  then  treating  with  salts  containing 
other  cations.  In  this  experiment  the  alkaline  and  acid  sandy  loam  soils 
were  used,  with  the  chlorides  of  potassium,  sodium,  calcium  and  magnesium. 
No  attempt  was  made  to  fix  calcium  in  the  untreated  soils  because  the  small 
quantities  of  calcium  fixed  by  the  soils  makes  the  experimental  procedure 
more  di£Gcult.  Proportions  of  soils  and  solutions  were  the  same  as  used  for 
the  KCl  treatments,  namely,  100  gms.  of  soil  and  500  c.c.  of  a  0.02  N  salt, 
solution.  Results  and  further  explanations  of  this  experiment  are  given  in 
Table  6.  Fixed  cation  equivalents  were  determined  by  computing  from 
the  quantities  of  cations  found  in  the  solutions  as  shown  in  the  table,  other 
than  those  used  in  the  final  treatments,  the  quantities  necessary  to  be  fixed 
to  satisfy  the  respective  gram-equivalent  ratios. 
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(B)    Alkalint  and  arid  undv  loam   toili   triattd  with  NaCI  Sotulian.    Wi 
wt'th  KCl,  CaCliand  UgCI,  •olutiofii. 
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Results  in  Table  6  show  the  reaction  to  be  revemble  in  all  cases  studied, 
and  the  gram  equivalent  ratios  closely  approached  without  considering  iron 
and  aluminum  present  as  chlorides.  In  (b)  portion  of  the  table  are  shown 
some  results  from  determinations  of  potassium  after  the  CaCli  and  MgCli 
retreatments.  These  quantities  of  potassium  are  about  the  same  magnitude 
aa  could  be  expected  from  solubility  effects  varying  from  about  four  to  nine 
parts  per  million  of  solution,  and  it  is  assumed  that  potassiimi  plays  an 
unimportant  part  in  these  fixation  processes.  Another  very  important 
relationship  is  also  shown  by  this  experiment  in  that  after  each  preliminary 
treatment  the  several  cations  used  were  fixed  by  the  soils  in  nearly  equivalent 
quantities.  In  this  connection  it  should  be  remembered  that  not  all  of  the 
soil  calcium  or  magnesium  in  a  condition  to  react  would  be  removed  by  the 
preliminary  salt  treatments  although  all  of  the  solutions  used  were  equal  in 
concentration. 

CONCLDSIOtiS    OONOEIBNING    HfTB    NEUTRAL    SAl/T    TRBATUBNTS 

The  principal  points  observed  in  this  investigation  with  the  neutral  salts 
may  be  briefly  summarized  as  follows:  (1)  All  the  soils,  except  the  medium 
sand  containing  limestone  and  in  the  case  of  calcium,  precipitated  the  cations 
of  the  neutral  salts  used  and  held  them  fixed  in  the  soil  mass.  (2)  The  anions 
of  tfie  neutral  salts  were  not  fixed  to  any  great  extent  by  the  soils.  (3)  Fix- 
ation of  cations  was  accompanied  by  a  closely  equivalent  liberation  of  other 
soil  elements  particularly  calcium  and  magnesium  and  the  otlier  elements 
artifically  fixed  in  the  soils,    (4)  The  fixation  of  potassium  from  KCl  by 
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carbonate  and  non-caxbonate  soils  closely  correlated  with  the  quantities 
of  calcium  found  in  the  soil  solutions.  (5)  The  fixation  of  potassium  from 
KCl  also  correlated  somewhat  with  the  quantities  of  calcium  and  SiOj 
dissolved  from  the  non-carbonate  soils  by  0,2  N  HCl.  (6)  Except  in  two 
cases,  soils  No.  20  and  23  with  KCl  treatment,  all  the  solutions  were  alkaline 
to  red  litmus  paper.  (7)  Iron  and  aluminum  were  undoubtedly  present  in 
many  of  the  solutions  but  no  evidence  was  found  that  these  elements  were 
combined  with  the  anions  of  the  neutral  salts  used.  (8)  Potassium  and  sodium 
probably  played  an  unimxxirtant  part  in  the  experiments  performed  on  soils 
not  previously  treated  with  salts  of  these  elements.  (9)  The  alkaline  soils 
generally  fixed  a  greater  quantity  of  cation  than  the  acid  soils  of  the  same 
class,  but  it  was  shown  that  the  degree  of  fixation  depended  upon  certain  soil 
elements,  chiefly  calcium  and  mi^nesium  in  a  condition  to  react  with  the 
neutral  salt  and  not  on  the  reaction  of  the  soils.  (10)  Extracting  the  eight 
soils  with  HCl  and  washing  thoroughly  greatly  reduced  the  quantities  of 
potassium  fixed  from  KCl.  (11)  Potassium,  calcium  and  magnesium  were 
not  fixed  from  neutral  salts  by  the  eight  soils  in  equivalent  quantities, 
showing  that  in  each  case  fixation  depended  on  difCerent  soil  factors.  (12) 
The  fixation  of  potassium  correlated  with  the  exchange  of  calcium  and  mag- 
nesium; the  fixation  of  calcium  with  exchange  of  magnesium;  and  the  fix- 
ation of  magnesium  with  exchange  of  calcium.  (13)  The  reactions  were 
reversible  in  all  cases  studied.  (14)  When  the  alkaline  and  acid  sandy  loam 
soils  were  saturated  with  certain  cations  at  equal  solution  concentrations, 
then  the  fixation  of  the  other  cations  used  at  the  same  concentrations  was 
closely  equivalent.  These  observations  contain  stroi^  proof  that  the  reac- 
tions involved  are  chemical  in  nature  and  that  the  cause  of  fixation  by  soils 
is  the  presence  of  soil  elements,  principally  calcium  and  magnesium  in  a  con- 
dition of  reactivity,  and  the  degree  of  fixation  is  independent  upon  both  the 
kind  and  quality  of  reacting  elements  present. 

In  general  the  results  of  this  investigation  agree  with  the  chemical  hypo- 
thesis estabfished  by  Way  (9,  10).  They  also  give  a  logical  basis  for  the 
explanation  of: 

(1)  Why  the  fixation  capacities  of  soils  of  the  same  class  often  vary  con- 
siderably, while  the  capacities  of  unlike  classes  may  be  similar.  (2)  Why 
a  soil  exhibits  a  certain  degree  of  selection  in  this  respect,  that  is,  certain 
cations  are  fixed  in  greater  quantities  than  others.  (3)  Why  the  order  of 
fixation  of  several  cations  may  vary  in  different  soils.  (4)  Why  mixture  of 
neutral  salts  give  varying  effects  on  the  same  soil.  (5)  Why  the  degree  of 
fixation  correlates  quite  closely  with  the  general  fertihty  condition  of  soils. 
(6)  Why  leaching  soils  with  acids  decreases  the  quantity  of  fixation,  (7)  Why 
liming  the  soil  increases  the  quantity  of  fixation.  (8)  Why  tlie  anions  of  neu- 
tral salts  that  form  soluble  compounds  with  calcium  or  magnesium  are  not 
fix^d  by  soils,  and  (9)  why  the  anions  or  acid  radicals  of  salts  that  form  insol- 
uble compounds  with  soil  calcium  or  magnesium  are  fixed  by  soils — plu-nom- 
ena  observed  by  many  soil  investigators. 

A  prominent  feature  of  this  research  was  that  very  small  quantities  of 
potassium  or  sodium  were  found  in  soil  solutions  from  untreated  soils  ex- 
amined for  these  elements.  The  natural  conclusion  from  these  results  was 
that  these  elements  do  not  occur  in  appreciable  quantities  in  replaceable 
combinations  in  the  soils  studied.  Granting  this  conclusion  to  be  true,  a 
possible  explanation  may  be  ^ven  on  the  bais  of  the  differences  in  solubilities 
of  the  earbonatcs  of  the  alkali  earth  elements.     Hy<lration  and  carbonation 
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are  important  soil  processes  and  the  carbonates  of  potassium  and  sodium 
resulting  from  these  processes  being  much  more  soluble  than  the  carbonates 
of  calcium  and  magnesium  similarly  formed,  may  be  leached  from  the  sur- 
face section  of  soils  to  a  much  greater  e^ctent;  the  general  effect  would  then 
be  an  indirect  replacement  of  potassium  and  sodium  in  siHcate  combination 
with  calcium  and  mague^um,  and  after  sufficient  time  had  elapsed  only  small 
quantities  of  potassium  or  sodium  could  be  expected  to  be  present  in  hydro- 
lyzing  combinations,  while  calcium  and  magneaum  would  probably  be 
present  for  a  considerable  period  of  time  in  a  hydrolyzable  state  after  the 
original  potassiiim  and  sodium  of  similar  combinations  had  practically 
disappeared.  Much  evidence  supporting  this  conclusion  may  be  found 
in  the  literature  concerning  researches  on  soils  and  minerals.  Further  elab- 
oration of  the  subject  is  not  desired  in  this  paper. 

The  elements  potassium  and  sodium,  then,  must  be  in  a  much  less  soluble 
state  in  many  surface  soils  than  calcium  or  magnesium;  and  if  their  com- 
pounds do  not  hydrolyze,  they  undoubtedly  occupy  a  different  position  in 
the  molecular  structure  of  their  compounds  than  do  calcium  or  magnesiimi, 
at  least  the  portions  of  these  elements  that  split  off  from  their  compoimds 
as  hydroxides  and  may  easily  be  carbonated.  If  potassium  or  sodium  are 
fixed  in  soils  from  chenucal  compounds,  however,  they  probably  occupy  the 
same  position  of  molecular  structure  as  the  elements  they  release  because 
they  may  in  turn  be  replaced  in  quantity  by  cations  of  other  salts.  These 
relationships  should  be  of  great  scientific  and  practical  significance. 

The  situation  with  respect  to  iron  and  aluminum  of  the  soils  was  prob- 
ably similar  in  some  respects  at  least  to  that  of  potassium  and  sodium  in  that 
the  evidence  at  hand  points  to  the  conclusion  that  they  were  not  exchanged 
in  quantity  for  the  other  elements  fixed.  The  main  points  of  evidence  in 
this  connection  were  as  follows;  (1)  Except  in  two  cases  the  solutions  were 
alkaline  to  red  litmus  paper,  hence  acid  salts  of  iron  and  aluminum  com- 
bined with  the  anions  of  the  neutral  salts  used  in  the  treatments  were  probably 
not  present.  (2)  Fixation  and  exchange  were  closely  equivalent  without 
considering  the  presence  of  iron  or  aluminum  combined  with  anions  of  the 
salts  used.  (3)  Iron  and  aluminum  are  present  in  the  soils  used  generally 
in  very  much  greater  total  quantities,  and  in  the  acid  soils  in  much  greater 
quantities  soluble  in  0.2  N  HCl  than  are  calcium  and  magnesium,  and  pro- 
viding exchange  took  place  during  the  neutral  salt  treatments  the  accompany- 
ing phenomena  would  probably  have  been  recognized.  The  conclusion  seems 
justified  that  iron  and  aluminum  were  not  present  in  the  soils  in  exctiai^eable 
states,  at  least  in  any  considerable  quantities,  but  that  they  exist  in  the 
soils  principally  aa  hydroxides  from  the  hydrolysis  of  soil  minerals  contfuoing 
them  or  on  the  acid  side  of  soil  components  as  ferro-alumino-silicates.  The 
soil  component  of  non-carbonate  soils  reacting  with  neutral  salts  may  then 
be  a  calcium-magnesium-ferro-alumino-fiilicate.  .These  conaderations  refer 
to  the  mineral  portions  of  the  soils  studied.  The  author  does  not  assume  that 
all  soils  contain  no  appreciable  quantities  of  replacable  potassium,  sodium, 
iron  or  aluminum,  but  is  of  the  opinion  that  the  relative  quantities  of  replace- 
able elements  contained  in  soils  is  an  individual  characteristic.  The  possi- 
bility of  secondary  reactions  should  also  be  considered  in  this  cormection.  In 
case  of  the  KCl  treatments  iron  or  aluminum  chlorides  may  have  been 
formed  and  neturalized  ^ain  by  the  soils  and  the  reaction  not  observed  at 
the  low  concentration  of  neutral  salts  used;  however,  this  reaction  would 
not  cx])Iain  the  iron  and  aluminum  combinations  in  the  soil  solutions  studied. 
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Soil  investigators  have  known  for  a  long  time  that  Boils  neutralize  soluble 
hydroxides.  This  property  of  soils  is  generally  considered  due  to  bydrated 
silica  of  ferro-alumino-silicates.  In  order  to  determine  if  fixation  from 
hydroxides  followed  the  same  general  order  as  fixation  from  neutral  salts 
the  investigation  was  continued  using  KOH  and  Ca(OH)i.  Results  from 
this  work  are  given  in  Tables  7  and  8. 

The  alkaline  soils  fixed  more  potassium  from  the  KOH  solution  than  the 
acid  soils  of  corresponding  classes,  except  the  alkahne  clay  loam,  and  more 
calcium  from  the  more  concentracted  solution  of  Ca(OH)i  except  the  alka- 
line medium  sand  which  contains  applied  CaCOt.  The  acid  clay  loam  showed 
the  same  characteristics  as  in  case  of  the  neutral  salt  treatments  in  that  it 
fixed  more  potassium  and  less  calcium  than  the  alkaline  clay  loam.  Solutions 
from  the  KOH  and  concentrated  Ca(OH)i  treatments  were  alkaline  to  phenol- 
phthalein  showing  an  excess  of  hydroxide.  Solutions  from  the  less  concen- 
trated Ca(OH)i  treatments  were  acid  to  phenolphthalein  and  in  this  case 
the  magnitude  of  fixation  in  all  the  soils  varied  only  slightly.  Solutions  from 
the  KOH  treated  soils  were  characterized  by  comparatively  large  quantities 
of  iron  and  aluminum  (neglecting  phosphorous)  and  SiOt  but  small  quantities 
of  calcium.  Potassium  was  fix^  in  latge  quantities  but  no  equivalent  liber- 
ations were  found  in  the  solutions.  Quantities  of  calcium  found  in  the 
solutions  from  KOH  treatments  were  very  much  smaller  than  the  solubility 
factor  for  this  element  as  Ca(OH)i.  Evidently  potassium  was  fixed  from 
KOH  without  exchange  of  calcium  or  magnesiiun  and  in  addition  the  KOH 
dissolved  iron,  aluminum  and  SiOi  from  the  soils. 

That  potassium  fixed  from  KOH  may  be  hberated  again  by  neutral  salts 
and  Ca(OH)i  treatments  may  be  seen  from  the  results  presented  in  Table  8. 
The  soils  used  in  this  case  were  first  treated  with  the  KOH  solution,  washed 
thoroughly  with  distilled  water  until  the  washings  were  neutral  to  litmus 
paper  and  then  again  treated  with  the  CaCli  and  Ca(OH)i  solutions  in  the 
usual  manner.  The  quantities  of  calcium  fixed  from  CaCli  and  quantities 
of  potassium  exchanged  were  closely  equivalent,  the  equivalent  factor  being 
0.512.  Fixation  of  calcium  from  Ca(OH)i  and  exchange  of  potassium  were 
proportional  in  the  two  soils  studied,  but  not  equivalent;  a  much  greater 
equivalent  weight  of  calcium  was  fixed. 

Conclusions  from  the  work  on  hydroxides  are:  (1)  Potassium  and  calcium 
were  fixed  from  their  hydroxides  in  large  quantities  by  soils  without  equiva- 
lent exchange  of  other  elements.  (2)  The  solubility  effects  of  hydroxides  on 
soils  were  of  relatively  great  magnitude.  (3)  All  of  the  soils  used  fixed  the 
cations  of  the  hydroxides,  (4)  A  portion,  at  least,  of  the  cations  fixed  from 
the  hydroxides  was  in  an  exchangeable  condition. 
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TABLE  7.— Fixation  ef  pi 


n  KOH  and  calcium  /roi 


Soil  and  raacllon. 


Potearium  added  O.SQIO  gm. 
Caldum  added  (a>  0.045S  gm. 
Caldum  added  (b)  0,1069  gm. 

KOH  Ireatmeola. 


M.  B. 
M.S. 
8.  L. 

B.  L. 
St.  L. 
Bt.  L. 

C.  L. 
C.  L. 


0B71 
0792 

osea 

0811 

.0S31 
07BZ 


C»C1. 

Ca(OH). 

»■-"- 

=»" 

la  solution. 

■^K" 

PotwBlum 
la  solution. 

0.0277 

0.0561 

0.0S91 

0.O640 
0,0571 

o.oers 

0,1296 

0  SI9 

0  480 
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Results  of  K,PO,  and  Ca(H,P6,).  H,0  Treatments 

In  a  foregoing  Bection  of  this  report  is  contained  a  discussion  of  the  effects 
of  neutral  salts  on  alkaline  and  acid  soils.  Neutral  salts,  at  least  those  used 
in  this  research,  dissociate  into  ions  and  their  principal  effects  have  been 
noted.  Another  class  of  salts  contfuning  members  often  used  in  soil  treat- 
ments have  molecular  dissociation  as  a  distinct  chemical  property.  A  study 
of  the  reactions  between  some  of  these  salts  and  the  series  of  soils  previously 
used  was  undertaken  with  results  as  shown  in  the  following  table.  Table  9 
contfuns  results  obtained  from  treatii^  the  soils  with  KiFOtand  CatHJOOi 
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TabiB  9.—Fixaliaa  /i-omKiPO.  and  CalHiPO,),  H,0. 


KiPO. 

Ca(H,PO.),. 

Teitctktn. 

».«.„ 

HieJ. 

Culdiim 
lu  solution. 

PO.fixwi 

fUed. 

l^. 

M.S.     M 

M.S.     «c 

8.  L.       M 

B.  L.      ac 

8t.  L.     ttl 

C.  L.      al 

C.  L.      ac 

0.1207 
O.IOST 
0.2237 

0.Z31S 
Ck.2229 

0.2840 

0.113S 

0. 1623 

0,1475 

0.1S5S 
0.183S 

0,0117 

0.1062 
0,1021 

0.1103 
0.1176 

0,127fl 
0,1406 

—0 
0 

0 

0 

0 

0222 
0021 
0041 
0021 

00S2 
0346 

0 

0043 

04 1.'. 

0860 
040S 

Both  members  of  each  salt  were  fixed  by  the  soils  but  not  in  chemically 
equivalent  quantities.  The  magnitude  and  order  of  the  calcium  fixation 
did  not  differ  materially  from  that  determined  in  some  of  the  preceding 
experiments  with  other  calcium  salts.  The  fixation  of  potassium,  however, 
was  considerably  increased,  but  thia  quantity  fixed  was  greater  in  case  of 
the  alkaline  soils  except  the  alkaline  clay  loam.  Evidently  the  soil  factors 
that  determined  the  degree  of  fixation  of  potassium  and  calcium  ions  from 
neutral  salts  and  hydroxides  were  operating  also  in  the*  experiment  under 
consideration.  After  treating  the  soils  with  HCl  and  washing  with  distilled 
water  in  the  same  manner  as  was  previously  described  the  fixation  of  PO* 
was  reduced  but  comparatively  large  quantities  of  PO,  were  fixed.  The 
medium  sand  soils,  acid  sandy  loam  and  silt  loam  fixed  a  greater  equivalent 
of  POt  than  potassium.  On  the  other  hand,  the  alkaline  sandy  loam  and 
the  clay  loam  soils  fixed  greater  equivalents  of  potassium  than  VO,.  Quan- 
tities of  calcium  liberated  by  the  KiPO*  treatments  were  very  small  except 
in  case  of  the  clay  loam  soils. 

The  alkaline  soils,  except  the  medium  sand,  fixed  more  calcium  from 
Ca(HiPO()i  than  the  acid  soils  of  similar  classes.  Irregularities  were  also 
apparent  between  the  fixation  of  calcium  and'  PO,  but  these  irregularities 
are  not  consistent  with  those  observed  with  the  K,POt  treatments  A  greater 
quantity  of  PO*  was  used  in  the  Ca(HiPO0i  treatments  and  may  have 
changed  conditions  to  some  extent.  The  above  stated  results,  however, 
point  strongly  to  the  conclusion  that  fixation  of  PO*  in  the  experiment  was  not 
dependent  upon  the  same  soil  factors  as  fixation  of  potassium  or  calcium  and 
was  independent  of  the  quantities  of  potassium  or  calcium  fixed,  as  shown  by 
the  unsatisfied  equivalents.  The  phosphates  form  insoluble  salts  with  cal- 
cium and  magnesium,  however,  and  are  fixed  by  soils. 

Results  From  Ca(C,H,0,)j  and  KC,H,0,  Treatments 

Fixation  from  calcium  and  potassium  acetates  was  next  studied.    The 
effects  of  Ca(CiHjOi)  were  desired  and  KCHiOi  was  compared  with  the 
calcium  compound  because  it  is  a  salt  of  the  same  class.    Results  are  given,  r,, 
in  Table  10.  *"8"- 
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Ca(Cal^d,. 

KCH^,. 

Soil  ttiid  reartion. 

Culolum 

Mngne- 
In  solul'n. 

Aridity  of 
solution  In 

Potass,  iini 
fimsl. 

Calcium 

In  solufn. 

Magne- 
InwflTt'n. 

Aridity  of 
!M>lution  in 

NKoir 

M.S.     »l 

0.000 

0 

0044 

00G7 
0040 
0]l»t 

OlS.'i 

1,2 
8.3 
0.1 

0 
0 
0 

0 

owao 

H43 

1013 

047 
036 

041 

0.13 

oei 

0 

0042 

ooas 

0123 
0060 

0133 

'I 

4 

S.  1..      al 

S.L.       ac 

St.  L.     Bl 

SI.  L.     ae 

C.  L.      >1 

C.L.      »c 

0004 
0,012 
0.014 

Excepting  calcium  fixed  by  the  medium  sands,  the  alkaline  soils  fixed 
more  calcium  and  potassium  and  liberated  more  calcium  and  magnesium 
than  the  corresponding  membt^rs  of  each  class.  The  exchange,  however, 
was  not  in  equivalent  proportions  thereby  agreeing  with  results  from  the 
phosphate  treatments.  Quantities  of  calcium  and  magnesium  found  in  the 
extracts  agreed  favorably  with  those  found  in  the  case  of  the  neutral  salt 
treatments,  particularly  KCl,  Evidently  calcium  and  potas^um  were  fixed 
and  an  equilibrium  set  up  between  certain  soil  elements  and  the  acetate 
ion,  the  acetates  formed  being  soluble  in  water.  It  may  also  be  observed 
from  results  given  in  Table  10  that  the  KOH  titration  on  the  soil  extracts 
with  phenolphthalein  as  indicator  was  not  a  measure  of  the  calcium  or  potas- 
sium fixed  by  the  soils,  but  an  approximate  measure  of  conditions  in  the 
extract;  i.  e.  the  closer  the  equivalent  of  acetate-ion  to  potasMum  fixed  by 
the  soils,  or  acetate-ion  set  free,  agree  to  those  of  calciimi  and  m^nesium 
found  in  the  extracts  less  KOH  is  required  to  neutralize  the  extracts.  This 
relationship  b  not  ao  apparent  in  case  of  the  Ca(CiHiOi)i  treatments.  While 
these  results  are  not  definite  they  may  Im;  considered  as  indications  of  the 
true  stale  of  affairs  in  this  connection. 

Results  Obtained  from  Treating  the  Soils  with  K:C,0*  and  FeClj 
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«  KiCiOi  anJ  fCh. 


K.Crf>. 

FeClt 

KCl  Attei  vkAlng. 

SoUind 
resctlon. 

a 

flxeii 

l£: 

Cftldum 

oolution. 

Caldum 

'"Kg,'- 

In  nil. 

'S 

Cilclum 
soluilon. 

solutlon. 

0.1170 

0,1080 

0,0570 

0.131K) 
0.2B1& 
0.3130 

0  1502 

0.1H3 
0.0406 

0.007* 

0.2192 

1   2fM 

0 
0 

0 

2308 
1306 

2092 

0 
0 

0 

0308 
IWH 

0616 

1406 

0 
0 

0 

729 
775 
712 

701 

S.  L,      al 

8.  L.      w 

0.040S 
0,0019 

0.033 
0006 

0.0040 
0.0027 

In  case  of  the  KiCjO*  treatments,  Table  11,  the  results  agree  generally 
with  those  obtained  from  KjPOi  and  KC,H,Oi  with  respect  to  order  and 
quantities  of  potassium  fixed.  CjOi-ions  fixed  were  not  equivalent  in  amounts 
to  the  potassium  ions  fixed.  Calcium  was  found  to  be  present  only  in  traces 
in  these  extracts. 

FeCli  was  used  as  an  example  of  an  acid  hydrolyzing  salt  and  the  quantity 
of  iron  fixed  was  found  closely  proportional  to  the  calcium  found  in  the 
extracts,  except  in  case  of  the  alkaline  medium  sand  soil  which  contains  lime- 
stone in  considerable  quantities.  Mf^nesium  was  not  determined  but 
probably  enters  into  the  reaction.  The  extracts  from  these  treatments 
were  acid  and  the  effects,  in  general  seem  to  have  been  a  neutralization  of 
the  acid  salt.  In  this  experiment  an  attempt  was  made  to  determine  if 
the  iron  fixed  in  the  sandy  loam  soils  could  be  replaced  by  a  KCl  treatment 
after  washing  the  FeCli  treated  soils  with  water.  Results  of  these  determ- 
inations are  pven  in  the  portion  of  Table  11  headed  "KCl  after  washing". 
It  may  be  observed  that  the  potassium  fixation  was  greatly  reduced  as  com- 
pared with  the  results  from  fixation  of  potassium  from  KCl  in  the  untreated 
soils,  an  equal  quantity  of  KCl  being  used  in  the  solutions.  Also,  calcium 
and  magnesium  found  in  the  solutions  were  more  than  equivalent  in  quanti- 
ties to  the  potassium  fixed.  From  these  conaderations  it  is  doubtful  if  the 
iron  fixed  from  the  FeClj  treatments  may  be  replaced  and  probably  exists 
in  the  soils  in  the  hydroxide  form.  The  effect  of  lowering  the  potassium 
fixation  was  similar  to  that  produced  by  HCl, 

Effects  produced  by  treating  soils  with  hydrolyzing  salts  are  similar  in 
some  respects  to  those  obtained  by  treating  with  neutral  salts  and  dis»milar 
in  other  respects.  The  alkaline  soils  with  few  exceptions  fixed  a  greater 
quantity  of  the  basic  radicals  of  all  the  salts  used  as  well  as  the  acid  radicals 
that  form  insoluble  compounds  with  calciutn  or  magnesium.  An  explanation 
of  the  exceptions  was  given  in  case  of  the  neutral  salts  treatments.  The 
same  explanation  may  apply  to  the  exceptions  noted  in  the  hydrolyzing 
salts  treatments.    The  acid  clay  loam  soil  fixed  more  potassium  and  less 
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calcium  than  the  other  member  of  its  class,  and  liberates  more  calcium  but 
less  magnesium.  The  fixation  of  potassium  from  KCJiiOt  by  the  clay 
loam  soils  does  not  agree  with  the  above  explanation  altlu>ugb  the  results 
are  in  close  agreement.  The  acid  silt  loam  fixed  more  POi  from  Ca(HJ*0.)i 
than  did  the  alkaline  silt  loam.  The  effects  of  the  presence  of  CaCOi  in  the 
alkaline  medium  sand  wae  also  noticeable  in  case  of  the  calcium  salts  and 
FeCli  treatments.  The  dissimilar  effects  noted  between  hydrolyzing  and 
neutral  salts  treatments  were  a  much  greater  quantity  of  potassium  fixed 
from  the  hydrolyzing  salts,  and  the  absence  of  chemical  equivalents  between 
elements  fixed  and  those  found  in  the  soil  solutions.  The  hydrolyzii^  salts 
used  may  be  placed  into  three  separate  classes  based  on  their  effects  iipon  the 
soils;  namely,  alkaline  salts,  acid  salts  and  salts  forming  insoluble  compounds 
between  their  acid  radicals  and  soil  elements.  A  fourth  class  may  be  con- 
sidered in  cases,  where  an  acid  radical  of  an  acid  hydrolyzing  salt  would 
form  an  insoluble  compound  with  soil  elements. 

A  brief  summary  of  observed  effects  of  the  hydrolyzmg  salts  treatments 
follows:  (1)  The  alkaline  soils,  with  few  exceptions,  fixed  a  greater  quantity 
of  cations  from  hydrolyzing  salts  than  the  acid  soils  of  the  same  classes. 
(2)  Greater  quantities  of  cations  were  fixed  from  hydrolyzing  salts  than  from 
neutral  salts.  (3)  Closely  equivalent  exchai^es  of  soU  elements  for  those 
fixed  from  hydrolyzing  salts  were  not  observed,  however,  the  fixation  of  iron 
from  FeCl.  was  nearly  proportional  to  the  calcium  found  in  the  soil  solutions 
except  in  case  of  the  limed  soil.  (4)  Exchange  of  soil  elements  was  observed 
in  oases  where  these  elements  formed  soluble  compounds  with  the  anions 
of  the  salts  used.  (5)  Fixation  of  one  ion  of  a  hydrolyzing  alkaline  salt  was 
apparently  independent  of  the  fixation  or  combination  of  the  others. 

OBNBBAIi  SOMMMtir 

Data  accumulated  in  this  research  point  strongly  to  the  conclu^on  that 
when  neutral  salts,  hydrolyzing  salts  or  hydroxides  in  solution  are  placed 
in  contact  with  soils  a  chemic^  reaction  results  in  which  portions  of  the 
cations  or  basic  radicals  of  the  added  compounds  are  precipitated  in  the 
soil  mass  and  in  case  the  anions  or  acid  radicals  of  the  salt^  used  form  soluble 
compounds  with  calcium  or  magnesiiun  the  resulting  salts  are  found  in  the 
soil  solution.  When  the  acid  radicals  of  added  salts  form  insoluble  compounds 
with  calcium  or  magnesium  they  were  also  precipitated  in  the  soil.  Fixa- 
tion or  precipitation  of  potassium,  sodium  and  ammonia  ions  from  neutral 
salts  was  shown  to  be  dependent  chiefly  upon  the  calcium  and  magnesium 
of  the  soils,  while  the  fixation  of  calcium  depended  upon  soil  magnesium  and 
fixation  of  magnesium  upon  soil  calcium.  The  several  classes  of  components 
used  in  treating  the  soils,  however,  showed  different  effects.  With  few  ex- 
ceptions the  alkaline  soils  fixed  greater  quantities  of  the  members  of  the 
salts  fixed  than  the  acid  soils  of  the  corresponding  classes. 

The  reaction  between  neutral  salts  and  soils  appeared  to  be  less  compli- 
cated than  in  case  of  any  of  the  other  classes  of  compounds  used.  A  portion 
of  the  cations  of  the  salts  used  was  precipitated  in  the  soil  mass  and  a  nearly 
equivalent  quantity  of  certain  soil  elements,  or  a  soil  element  depending 
upon  the  salt  used,  combined  with  the  anion  of  the  salt  was  found  in  the 
resulting  solutions.  The  cations  precipitated  or  fixed  were  replaced  by  dis- 
similar cations  of  neutral  salts  which  were  also  fixed  in  the  soils. 

Cations  of  the  bases  used  were  probably  fixed  in  the  soils  without  exchange 
of  soil  elements,  because  the  quantities  of  calcium  found  in  the  solutions  from 
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KOH  treatments  were  much  smaller  in  magnitude  than  the  solubility  factor 
of  calcium  as  Ca(OH)i  and  m^nesium  was  not  found  in  sufficient  quantities 
in  any  of  the  extracts  from  either  the  KOH  or  Ca(OH)i  treatments  to  alter 
tie  above  conclusion,  Providii^  Ca{OH)t  was  formed  by  the  KOH  treat- 
ments the  presence  of  a  greater  quantity  of  calcium  should  be  expected  in 
the  extracts.  On  the  other  hand  potassium  fixed  from  KOH  was  apparently 
liberated  by  the  Ca(OH)i  treatments.  The  solubihties  of  the  hydroxides 
in  question  is  probably  a  most  important  consideration.  Potassium  fixed 
from  KOH  was  liberated  f^ain  by  treating  with  CaCl,. 

In  summarizing  the  effects  of  hydrolyzing  or  molecular  dissociating  salts 
attention  must  be  given  to  the  different  classes  involved.  In  case  of  the 
KCiHiOi  treatments  there  was  evidence  of  exchange  between  the  potassium 
of  the  salt  and  calcium  and  magnesium  of  the  soils  thereby  freeing  in  this 
respect  with  results  from  the  neutral  salt  treatments.  Much  greater  quan- 
tities of  potassium  were  fixed,  however,  and  the  extracts  were  over  balanced 
.  with  C|H,0,  ions  as  shown  by  the  titrations  with  0.1  N  KOH  solution.  The 
acetate  acted  similarly  to  a  neutral  salt  and  hydroxide  combined  giving 
uncombined  CjHjOj  ions  in  the  soil  solutions,  but  tiie  uncombined'CHjOi  ions 
were  not  a  measure  of  the  quantity  of  potassium  lixetl  by  the  soils.  Effect-s 
produced  by  Ca(C,HjO,),  were  probably  simitar  to  those  obtained  by  the 
KCiHjOi  treatments.  KjPO,  may  be  considered  representative  of  another 
class  of  hydrolyzing  salts,  both  members  of  which  were  fixed  by  the  soils. 
As  shown  by  lack  of  chemical  equivalents  in  the  case  studied,  different  soil 
factors  were  probably  responsible  for  the  fixation  of  potassium  in  PO,  ions. 
It  was  apparent,  however,  that  tltese  factors  were  closely  related  to  the  cal- 
cium and  magnesium  content  of  the  soils.  Kither  calcium  and  magnesium 
were  responsible  or  some  other  factor  or  factors  closely  allied  with  these 
elements,  because  in  nearly  all  cases  the  alkaline  soils  fixed  a  greater  quantity 
of  KiPO.  than  the  acid  soils  of  the  same  class.  Some  soils  fixed  a  greater 
equivalent  of  potassium  ion  ttian  POt-ion,  and  in  the  other  soils  this  order 
was  reversed.  Whether  the  potassium  ion  or  PO,-ion  is  fixed  in  greater 
quantity  seems  to  depend  upon  the  quantity  relatiortships  of  the  soil  factors 
involved.  EfTects  of  Ca(H,POi)i  and  KiCiOj  were  similar  to  those  of  Kj 
POi,  except  magnesium  was  present  in  extracts  from  the  K,CiOi  treatments, 
although  the  quantity  was  not  determined,  and  this  element  was  probably 
in  the  form  of  MgCiO..  Although  undetermined,  these  reactions  are  prob- 
ably reversible  because  reactions  between  neutral  salts  and  soils  and  KOH 
and  soils  are  reversible  at  least  with  respect  to  their  basic  ions.  FeCli 
belongs  to  a  tliird  class  of  hydrolyzing  salts  being  acid  in  reaction.  From 
effects  of  this  salt  upon  the  soils  it  is  believed  that  the  iron  was  precipi- 
tated in  the  soil  mass  as  the  hydroxide  and  that  the  reaction  is  not  revers- 
ible. In  general  the  effect  of  this  salt  uiwn  the  soils  compared  to  the  effects 
produced  by  treating  the  soils  with  HCI. 

From  the  results  of  this  investigation  it  is  believed  that  only  small  quan- 
tities, if  any,  of  potassium,  sodium,  iron  or  aluminum  were  present  in  the  soils 
used  in  an  exchangeable  condition.  This  point  was  discussed  more  fully 
in  connection  with  the  summary  of  the  experiments  with  soils  and  neutral 
salts. 

Data  presented  favor  the  conclusion  that  tlie  reaction  between  soils  and 
the  chemical  compounds  used  is  chemical  in  nature  rather  than  physical. 
The  main  lines  of  evidence  bearing  on  this  point  liave  already  boon  discussed, 
and  they  are  principally  the  relationsliips  shown  Ijetwoen  fixation  and  the 
calcium  and  magnesium  of  the  soils  or  other  elements  fixed  in  the  soils  by 
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chemical  treatments.  The  magnitude  of  fixation  evidently  depends  upon  the 
nature  of  the  cliemical  compound  used  in  treating  the  soils;  its  manner  of 
dissociation,  the  solubility  of  the  resulting  products,  and  the  quantity  rela- 
tionship between  the  reacting  components.  As  the  foregoing  factors  vary 
different  chemical  systems  would  be  set  up  between  the  reacting  materials. 
Providing  the  reactions  under  consideration  are  chemical,  chemical  laws  and 
theories  should  be  appUcable.  It  must  be  remembered,  however,  that 
soils  are  very  hetrogeneous  substances  and  they  caimot  be  expected  to  sub- 
mit to  manipulation  as  might  be  the  case  with  chemically  pure  substances. 
Many  difficulties  stand  in  the  way  of  a  clear  interpretation  of  results.  We 
know  as  yet  very  little  concerning  the  chemical  constitution  of  the  soil.  Very 
little  is  known  concerning  the  effects  of  added  salts  on  the  solubilities  of  soil 
components,  the  possibility  of  the  formation  of  double  salts,  the  effect  of  re- 
action of  soil  media  upon  solubilities,  and  the  possibility  of  secondary  reac- 
tions. Further  work  along  intensive  lines  is  necessary  before  a  complete 
understanding  of  the  relationships  involved  can  be  obtained, 

A  law  of  reaction  between  chemicals  and  soils  may  then  be  formulated 
from  the  foregoing  results  and  conclusions.  An  ion  of  any  soluble  salt  that 
forms  an  insoluble  com]K)untJ  with  soil  components  mil  be  fixed  in  soils 
from  solutions  of  the  salt,  and  if  soluble  combinations  are  formetJ  during 
the  reaction  they  will  appear  in  the  soil  solution  or  extract.  When  salts 
that  dissociate  into  ions  are  placed  in  contact  wth  wet  soils  the  fixation  of 
the  cations  depends  upon  the  resulting  combination  of  the  anions;  i.  e.  fix- 
ation and  liberation  of  elements  are  equivalent;  and  when  alkaline  salts 
that  dissociate  into  molecules  are  placed  in  contact  with  wet  soils  fixation 
from  one  molecule  is  independent  of  the  fixation  from  or  combination  of 
the  others.  This  law  may  be  stated  more  specifically  when  the  class  of  the 
dissociating  compound  is  known.  In  general  fixation  an<l  liberation  of 
elements,  under  the  foregoing  conditions,  depends  upon  the  manner  of 
dissociation  of  the  chemicals  used  in  soil  treatments  autl  the  solubilities 
of  the  compounds  formed,  and  the  magnitude  of  fixation  depends  upon 
the  quantity  relationships  between  the  reacting  components.  The  power 
of  a  soil  to  fix  cations  may  be  increased  by  bringing  it  into  contact  with 
hydroxides  or  alkaline  salts  in  solution,  and  decreased  by  acid  and  acid 
salt  treatments;  but  neutral  salts  very  in  their  effects  on  tlus  soil  character- 
istic, causing  either  no  equivalent  change  or  an  increase  depending  upon 
the  elements  involved. 

THE    SOIL    R!BA<*riON 

Results  obtained  in  this  investigation  may  be  interpreted  as  to  give  a 
better  understanding  of  the  phenomena  of  soil  reactions  particularly  with 
respect  to  the  mineral  portion  of  the  soil.  Basing  conclusions  on  these 
results  it  may  be  said  that  practically  all  soils  have  acid  and  basic  proper- 
ties in  common  because  they  neutralize  acids  and  also  alkalies.  In  general, 
all  soils  decompose  neutral  and  hydrolizing  salts,  at  least  the  common  salts 
of  these  classes.  A  general  similarity  in  these  respects  exists  between  acid 
and  alkaline  soils.  (Litmus  paper  test.)  The  differences  noted  were  in 
magnitude  only,  and  these  differences  in  magnitude  were  practically  all 
in  favor  of  the  alkaline  soils  over  acid  soils  of  similar  classes.  From  a  quan- 
tity standpoint,  however,  certain  aeid  soils  may  show  a  greater  magnitude 
of  reaction  with  chemical  compouniis  than  certain  other  alkaline  soils,  because 
the  degree  of  change  depends  ujMn  the  quantity  relationships.  Therefore, 
43 
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the  decomposition  of  neutral  salts,  hydrolizing  salts  or  iixation  of  hydroxides 
b  not  a  distinguishing  property  of  acid  soils,  and  this  being  the  case  it  is  diffi- 
cult to  understand  the  baus  of  the  present  use  of  these  chemical  compounds, 
except  possibly  soluble  hydroxides  under  conditions  of  neutral  equiUbria,  for 
qualitative  or  quantitative  determinations  of  soil  acidity  or  for  bme  require- 
ment determinations.  In  fact,  the  results  of  this  investigation  show  that 
the  factors  causing  fixation  from  neutral  salts  and  those  concerned  with  soil 
acidity  are  diametrically  opposed.  The  case  of  treating  soils  with  KCtHjOi 
and  Ca(CJl,Oi)i  has' already  been  discussed.  ■  The  quantities  of  uncombined 
C-H.O,-ions  found  in  the  soil  extracts  were  not  a  measure  of  the  quantities 
of  potassium  or  calcium  fixed  by  the  soils  from  these  salts;  but  in  case  of  the 
KCiHjO,  treatments  the  quantities  of  CjHiOi-ions  found  in  the  soil  extracts 
were  an  approximate  measure  of  the  differences  between  quantities  of  potas- 
sium fixed  and  calcium  magnesium  found  in  the  solutions.  Applying  the 
same  reasoning  to  theCa(CtH)0,)itreatments  the  quantities  of  CtHiOi-ions 
found  in  the  soil  extrracts  would  be  roughly  proportional  to  the  differences 
between  quantities  of  calcium  fixed  by  the  soils  and  magnesium  occurring 
in  the  solutions.  Replacing  a  soil  element  with  another  element  from  a 
salt  gives  no  means  of  measuring  the  magnitude  of  soil  acidity.  Another 
important  point  in  this  connection  is  because  of  the  complicity  of  the  reac- 
tions involved,  the  titration  of  soil  extracts  with  either  acids  or  alkalies 
will  be  attemled  by  difficulties  unless  the  chemical  composition  of  the  extracts 
is  known.  Apparently  the  reaction  of  a  soil  is  determined  by  quantity 
relationships,  not  the  relationships  existing  between  the  water  soluble  soil 
material  or  the  solubility  products  of  soil  components,  but  between  the 
quantities  of  the  active  masses  of  the  components  involved.  In  other  words, 
all  soils  may  contain  reserve  alkalinity  and  reserve  acidity  and  the  soil  reac- 
tion may  be  the  result  of  mass  action  between  the  active  masses  of  these 
components.  The  term  active  mass  referring  in  this  connection  to  all  the 
material  which  could  be  brought  in  a  condition  to  react.  A  neutral  soil  then, 
would  represent  a  case  where  the  active  masses  of  reserve  alkalinity  and 
reserve  acidity  were  equivalent,  and  soils  containing  un-equivalent  active 
masses  of  these  components  would  l>e  either  acid  or  alkaline  as  the  case  might 
be. 

Practical  Considerations 

The  statement  has  been  made  that  the  magnitude  of  fixation  in  soils  Ls 
closely  related  to  their  agricultural  value,  the  soils  fixing  the  greatest  quantity 
of  substances  being  the  best  for  agricultural  purposes.  Since  it  has  been 
shown  that  fixation  from  chemical  salts  depends  chiefly  upon  the  calcium 
and  magnesium  content  of  soils,  it  follows  that  the  calcium  and  magnesium 
content  of  soils  is  an  important  fertility  factor.  The  quantity  of  calcium 
and  magnesium  in  itself,  however,  is  probably  not  nearly  as  important  from 
the  fertility  standpoint  as  is  the  ratio  between  the  quantity  of  active  calcium 
and  magnesium  and  other  soil  materials,  namely,  acid  silicates;  because 
alkaline  soils  as  a  class  are  usually  more  fertile  than  acid  soils  and  alkaline 
soils  have  greater  ratios  of  calcium  and  magnesium  to  acid  silicates  than  acid 
soils.  The  agricultural  value  of  a  soil  then  probably  depends  to  a  certain 
extent  upon  its  active  quantity  ratio  of  calcium  and  magnesium  to  acid  silcates. 

Liming  increases  fixation  and  thereby  gives  a  soil  a  certain  potential 
value  enabling  it  to  better  conserve  its  fertility,  as  repres<»nted  by  the  fer- 
tility products  of  soil  processes  or  applied  as  fertilizers;  to  bett«r  prevent 
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unfavorable  reactions  with  fertilizers  and  plant  nutrients  developed  within 
the  soil  mass;  to  deliver  nutrients  to  plants  under  more  favorable. conditions; 
and  to  provide  a  more  congenial  medium  for  tlie  development  of  beneficial 
bacteria.  By  considering  the  transformations  of  the  chemical  compounds 
involved  the  applications  of  the  foregoing  statements  will  become  apparent. 

Some  of  the  transformations  and  effects  of  fertilizer  salts  when  added  to 
soils  may  be  anticipated  from  the  results  presented  herein  especially  when 
the  class  of  salt  is  known.  Volumes  may  be  written  on  this  subject  but 
only  a  short  discussion  of  principles  will  be  given  here.  Some  of  the  effects 
of  chemicals  on  soils  are  aa  follows:  (1)  An  equivalent  exchange  may  take 
place  between  the  cation  of  a  neutral  salt  and  a  soil  element  thereby  enriching 
the  soil  solution  with  the  resulting  soluble  compounds.  (2)  Any  molecule 
of  a  hydroiyzing  salt  may  appear  in  the  soil  solution  after  treatments  with 
this  class  of  salt.  (3)  Hydroxides  may  be  partially  or  wholly  fixed  in  the 
soil  depending  upon  the  solution  concentration.  (4)  Acid  salts  may  act 
similarly  to  acids  and  leave  insoluble  hydroxides  in  the  soil.  (5)  The  gen- 
eral effect  depends  upon  kind  and  quantity  of  reacting  materials.  There- 
fore, from  a  chemical  stimdpoint  the  proper  fertilization  of  each  soil  is  an 
individual  proportion  and  one  that  requires  careful  study  if  maximum  bene- 
fits are  to  be  obtained.  The  sMne  line  of  reasoning  applies  to  all  soil  experi- 
mental work  where  soils  are  treated  with  chemical  compounds.  In  order  to 
explain  the  results  obtained  it  is  necessary  to  know  the  chemical  changes 
produced  by  the  soil  treatments.  Much  chemical  experimental  work  has 
been  done  on  soil  classes  or  soil  types  as  a  basis;  but  there  is  a  considerable 
variation  in  the  chemical  constitution  of  similar  classes  of  soils,  in  fact,  there 
may  be  greater  differences  in  this  respect  between  soils  of  the  same  class  tlian 
between  soils  of  different  classes.  In  this  investigation  there  is  a  marked 
similarity  in  the  results  from  the  alkaline  sandy  loam  and  acid  silt  loam 
soils  and  the  alkaline  medium  sand  and  acid  sandy  loam  soils;  while  the 
results  from  similar  classes  vary  considerably  except  in  case  of  the  clay  loam 
soils.  It  is  evident  that  soil  types  or  classes  based  on  physical  properties 
provide  no  consistent  basis  for  chemical  investigations  designed  to  study  the 
effects  of  chemical  compounds  on  biological  growths  or  soil  processes. 

A  common  criticism  of  field  experimental  work  with  fertilizers  from  a 
scientific  standpoint  is  that  results  obtained  can  not  always  be  explained. 
An  apparent  reason  for  this  situation  is  that  the  effects  producetl  on  the 
soils  by  the  applied  fertilizers  are  not  known.  Whatever  may  bo  said  in 
this  connection,  it  is  certain  that  when  soil  investigators  pay  more  attention 
to  the  chemical  nature  of  the  soils  under  investigation  the  science  and  prac- 
tice of  soil  management  will  be  greatly  benefited  thereby. 

CONDENSED  SUUMAiRT 

Data  are  presented  in  this  publication  showing  the  general  effects  of 
applications  of  neutral  salts,  hydroxides  and  hydroiyzing  salts  to  acid  and 
alkaline  soils  (litmus  paper  test)  of  several  clas.ses.  The  experimental  pro- 
cedure consisted  in  bringing  together  100  gm.  of  air  dried  soil  and  500  c.c. 
of  salt  solution  for  a  period  of  one  hour,  filtering  through  paper  and  analyzing 
the  resulting  solution.     Results  are  briefly  summarized  as  follows: 

1.  When  solutions  of  neutral  salts  were  placed  in  contact  with  the  soils 
used  the  cations  of  the  salts  were  fixed  in  the  soils  and  closely  equivalent 
quantities  of  calcium  and  magnesium  or  other  elements  previously  fixed  in 
the  soils  by  chemical  treatments  were  found  in  the  resulting  solutions. 
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2.  When  solutions  of  alkaline  salts  were  used  to  treat  the  soils  fixation 
of  one  ion  was  independent  of  the  fixation  or  combination  of  the  other. 

3.  Iron  was  fixed  in  the  soils  from  FeCli,  and  acid  salt,  and  a  closely 
proportional  quantity  of  calcium  liberated  except  in  case  of  a  soil  cont^ning 
limestone. 

4.  Anions  or  acid  radicals  of  the  salts  used  that  form  insoluble  compounds 
with  calcium  or  magnesium  were  fixed  by  the  soils  and  similar  components 
that  form  soluble  compounds  with  these  soil  elements  were  not  fixed  by  the 
soils. 

5.  Potas^um  and  calcium  were  fixed  from  their  hydroxides,  but  no  evi- 
dence of  exchange  of  soil  elements  was  observed. 

6.  In  case  of  the  neutral  salt  treatments  the  fixation  of  potassium  cor- 
related with  the  liberation  of  calcium  and  magnesium  and  in  one  series 
of  non-carbonate  soils  a  relationship  was  observed  between  fixation  of  potas- 
sium and  quantities  of  calcium  and  SiO,  dissolved  by  0.2  N  HCl.  The 
fixation  of  magnesium  correlated  with  exchange  of  calcium  and  fixation  of 
calcium  with  exchange  of  magne«um. 

7.  The  fixation  of  an  element  was  reversed  by  neutral  salts  containing 
other  elements  in  all  cas^  studied  except  the  FeCl.  treatments. 

8.  Potassium,  calcium  and  magnesium  were  fixed  by  natural  soils  in 
unequivalent  quantities,  but  when  soil  calcium  and  magnesium  were  largely 
replaced  by  a  single  element,  potasMum,  sodium  or  m^nesium,  then  the 
fixation  of  the  first  named  elements  became  closely  equivalent. 

9.  Soils  fixed  much  greater  quantities  of  calcium  from  CaCli  after  l>eing 
treated  with  MgCl»  than  they  did  before  the  treatment. 

10.  With  few  exceptions  fixation  was  greater  in  quantity  in  alkaline  soils 
than  in  acid  soils  of  the  same  class. 

11.  Fixation  from  neutral  salts  was  probably  due  to  a  calcium-magne- 
sium-ferro-alumino-silicate ;  of  hydroxides  to  acid  silicates,  and  from  hydro- 
iyzing  salts  due  to  a  combination  of  these  soil  components. 

12.  Fixation  from  chemical  salts  and  exchange  of  soil  elements  depends 
upon  the  manner  of  dissociation  of  the  salt  used  for  treatments  and  the 
solubilities  of  the  compounds  formed.  The  magnitude  of  fixation  and 
exchange  depends  upon  the  quantity  relationships  between  the  reacting 
compounds. 

13.  The  results  of  this  investigation  are  in  accord  with  the  chemical  hypo- 
thesis of  Way  (9,  10). 

14.  There  was  no  evidence  of  replacement  of  potassium,  sodium,  iron  or 
aluminum  in  any  considerable  quantity  in  the  untreated  soils  studied. 

15.  Fixation  from  neutral  salts,  hydrolyzing  salts  or  of  hydroxides  wits 
not  a  distinguishing  characteristic  of  the  acid  soils. 
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SOME  FACTORS  IN  SOIL  FERTILITY. 

INTRODUCTION. 

Agriculture  is  a  permanent  industry  and  must  exist  as  long  as  human 
society.  Indeed  it  is  the  most  important  supporter  of  other  industries 
and  education.  The  betterment  of  agriculture  is  the  foundation,  the 
basis  of  all  general  prosperity.  The  fertility  of  the  soil  is  the  greatest 
of  the  natural  resources. 

Plants  require  food  for  their  existence  and  growth  and  if  the  soil 
does  not  contain  the  required  food  elements  or  are  infertile,  life  and 
growth  are  impossible.  Better  tillage  and  improved  varieties  of  seed 
can  not  materially  increase  the  production  of  infertile  or  depleted  soils. 
In  fact  no  factor  of  crop  production  under  the  control  of  man,  influences 
the  yield  of  crops  to  such  an  extent  as  the  fertility  of  the  soil. 

Under  adverse  climatic  conditions  the  crops  on  an  infertile  soil  may 
fail  completely  while  those  on  a  fertile  soil  may  yield  fair  returns.  Thus 
in  a  season  of  drought  the  plants  on  fertile  soil  make  a  more  economical 
use  of  the  soil  moisture  and  yield  better  than  those  on  poor  or  infertile 
soils.  Fertility  also  acts  as  a  protective  agent  against  many  diseases  of 
plants  and  it  is  very  probable  that  a  decrease  in  fertility  accounts  in 
no  small  degree  for  the  common  occurrence  of  some  plant  diseases  and 
insect  pests.  This  may  be  illustrated  by  the  Hessian  Fly  on  wheat  dur- 
ing the  season  of  1920.  Where  phosphates  were  applied  to  the  heavier 
soils  in  a  number  of  our  demonstrations  according  to  counts  made  by 
C,  W.  Simpson,  the  injury  by  fly  was  much  less.  Moreover,  where  seed- 
ing is  delayed  because  of  this  pest,  the  handicap  may  be  largely  over- 
come by  the  use  of  fertilizers. 

In  as  much  as  the  success  and  prosperity  of  a  fanner  depend  largely 
upon  the  fertility  of  his  soil  it  behooves  every  farmer  and  landowner 
to  recognize  and  appreciate  the  importance  of  this  basic  factor  of  crop 
production.  Thus  they  should  direct  their  efforts  towards  the  mainte- 
nance and  increase  of  the  fertility  of  their  land. 

Since  the  fertility  of  the  soil  is  the  greatest  of  the  natural  resources 
and  is  the  most  important  supporter  of  all  agriculture  it  follows  that 
it  is  both  desirable  and  obligatory  on  the  part  of  national,  state  and 
county  governments  to  do  all  that  is  practicable  towards  the  mainte- 
nance or  the  increase  of  the  fertility  of  the  soil. 
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Virgin  soils  in  humid  regions  become  leaa  fertile  with  age.  In  various 
sections  of  the  United  States  there  are  large  areas  of  rather  heavy  lands 
which  were  in  a  very  low  state  ot  fertility  when  first  settled  by  the  white 
man.  These  areas  were  once  very  productive  but  due  to  the  various 
climatic  factors  operating  through  long  periods  of  time  they  became  de- 
pleted. It  is  evident  therefore  that  there  are  certain  natural  agencies 
which  tend  to  impoverish  the  soil.  When  soil  is  brought  under  cultiva- 
tion usually  these  natural  agencies  are  stimulated  to  a  certain  extent 
and  new  ones  are  also  added.  The  most  important  of  these  are  leaching, 
erosion  and  the  removal  by  crops. 

TUB   LIMB    PROBLEM    IS  GENBRAL. 

The  amount  of  lime  removed  by  leaching  is  greater  than  .the  amount 
of  other  substances  lost  in  a  similar  manner.  Tests  conducted  by  farm- 
ers, county  agents  and  members  of  the  Soils  Section  show  clearly  that 
many  of  our  lands  have  reached  the  stage  where  liming  is  advisable  for 
satisfactory  crop  production,  especially  if  one  desires  to  grow  the 
clovers,  alfalfa  and  vetch.  There  are  reasons  for  this  condition.  Lime 
is  constantly  removed  from  soils  by  leaching  or  washing  by  rain  water 
that  falls  on  them  and  by  the  crops  that  are  harvested.  The  loss  of 
lime  from  the  soil  is  exemplified  by  the  conditions  that  exist  in  many 
places  in  Michigan.  When  the  better  classes  of  our  soils  were  left  by 
the  glacier  they  contained  about  the  same  amount  of  carbonate  of  lime 
from  the  surface  downward.  Of  course  the  different  kinds  of  soil  varied 
from  one  to  the  other.  Our  soil  surveys  show  that  carbonates  do  not 
exist  even  in  the  fine  textured  soils  over  much  of  the  State  above  thirty- 
six  inches,  although  in  some  types  it  lies  within  eighteen  inches  of  the 
surface,  whereas  in  sandy  soils  it  has  been  removed  to  depths  ranging 
from  four  to  ten  or  more  feet.  The  marl  beds  bear  witness  of  this  re- 
moval from  the  upland  soils  and  owe  their  existence  to  it.  This  means 
that  sooner  or  later  all  soils  will  t>ecome  deficient  in  this  substance  and 
must  receive  it  in  some  form  if  they  are  to  continue  to  be  productive. 
Our  investigations  also  show  that  not  all  of  our  soils  are  deficient  in 
lime  or  respond  to  its  application.  It  may  be  cited  for  example  tbat  the 
finer  textured  soils  of  the  Old  Lake  Bed  of  eastern  Micbi^n,  the  Thumb 
area  and  the  Saginaw  Basin  are  not  in  need  of  it.  Aside  from  these 
and  portions  of  the  soils  in  Alpena,  Presque  Isle,  Cheboygan,  EiDmet, 
Charlevoix,  Antrim,  Otsego,  Grand  Traverse  and  Leelanaw  counties,  the 
majority  of  the  soils  in  the  southern  Peninsula  are  deficient  in  this  ele- 
ment. 

When  it  is  considered  that  lime  is  necessary  for  soil  productivity  and 
that  it  is  lost  by  leaching  or  washing  and  by  removal  of  crops  from  the 
land  the  conclusion  is  logical  that  the  use  of  it  in  some  form  is  one  of 
the  necessary  practices  involved  in  permament  systems  of  agriculture. 
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THB  NITROGEN  PROBLBM   IS  ACDTD  IN   SOHB  SBCTIONS. 

Nitrogen  la  neceasary  for  plant  growth.  The  maintenance  of  ample 
amounts  of  active  vegetable  matter  or  humns  in  the  soil  to  supply  nitro- 
gen to  crops  and  to  keep  the  soil  in  good  condition  constitutes  our 
greatest  eoil  problem.  Therefore  the  nitrogen  and  humus  problem 
needs  special  consideration. 

Nitrogen  is  found  in  all  plants,  soil  organic  matter  or  humus  as  well 
as  in  several  commercial  forms.  When  present  in  or  added  to  the  soil  in 
suitable  compounds  it  results  in  an  intensity  of  the  green  coloring  matter, 
and  increases  the  root,  stem  and  leaf  development  or  the  vegetative 
portions  of  the  common  plants.  On  the  other  hand  it  is  well-known 
that  the  presence  of  an  excess  of  available  nitrogen  may  prevent  proper 
seed  formation  and  cause  loding  of  grains  and  grasses,  especially  if  the 
phosphorus  and  potassium  are  somewhat  deficient.  The  amount  at  the 
disposal  of  the  crop  affects  greatly  its  quality  in  as  much  as  large 
amounts  result  in  the  formation  of  soft  tissue.  Therefore,  one  may 
regulate  somewhat  the  quality  of  such  crops  as  cabbage,  celery,  lettuce, 
asparagus  and  others  by  controlling  the  nitrogen  relationships.  It  is 
well  to  mention  that  excessive  amounts  prolong  the  growing  period  or 
delay  maturity. 

Nitrogen  starvation  is  indicated  by  yellowish  or  pale-green  colored 
leaves,  lack  of  thriftincss  or  a  general  stunted  appearance.  It  should 
be  recalled  that  other  soil  conditions  may  result  in  similar  symptoms. 

Sources  of  Nitrogen.  There  are  four  chief  sources  of  nitrogen  for  crops, 
■namely  from  vegetable  matter  or  humus,  from  bacteria  in  legumes,  from 
bacteria  and  other  forms  in  the  soil  and  from  commercial  fertilizers. 
The  chief  source  for  most  crops  is  the  soil  vegetable  matter,  commonly 
spoken  of  as  humus. 

Nitrogen  from  vegetable  matter  is  important.  Before  this  nitrogen  is 
made  use  of  or  taken  from  the  soil  by  the  crops  the  process  of  decay 
or  rotting  and  nitrification  or  the  formation  of  nitrates  must  take  place. 
Decay  may  be  and  usually  is  brought  about  by  several  kinds  of  organisms 
or  germs  which  infest  the  soil.  These  processes  or  the  making  available 
the  nitrogen  of  the  humus  may  be  slow  under  some  conditions  and  rapid 
under  others. 

When  the  soil  is  cool  or  the  temperature  is  low  and  it  is  wet,  decay 
and  consequently  the  rendering  of  the  nitrogen  available  for  crops  is 
very  slow.  On  the  other  hand  when  the  soil  is  warm  and  moist,  but  not 
soaked  with  water,  these  processes  are  much  more  rapid.  It  lime  is 
deficient  in  the  soil  its  addition  results  in  haEtening  decay.  It  has  also 
been  shown  that  phosphorus  acts  similarly  and  it  is  probable  that  the 
splendid  effects  of  acid  phosphate,  late  in  the  autumn  and  early  in  the 
spring,  are  due  in  part  to  this  action. 

The  kind  of  material  that  is  added  to  or  is  present  in  the  soil  governs 
the  rate  of  formation  of  available  nitrogen.  It  is  well  recognized  that 
clovers,  alfalfa,  beans,  peas  and  vetch  decay  more  rapidly  in  the  soil 
than  do  straws  of  the  cereals.  The  breaking  down  of  the  latter  may 
proceed  very  slowly  if  lime  is  deficient  in  the  soil. 

The  rate  of  decay  and  consequently  the  formation  of  nitrates  in  the 
soil  is  most  rapid  near  the  surface.  This  may  be  illustrated  by  the 
«ondition8  of  fence  posts  that  have  been  in  the  soil  a  number  of  years. 
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They  usually  rot  off  or  are  broken  off  at  or  near  the  surface  of  the 
ground,  yet  decay  takes  place  at  greater  depths  but  to  a  mnch  leas  ex- 
tent depending  upon  the  nature  of  the  soil,  that  is,  whether  heavy  or 
light  as  well  as  the  water  content.  This  is  shown  in  Pig.  1,  after  Fippin. 
Decay  takes  place  more  rapidly  in  soils  that  are  devoted  to  row  or  tilled 
crops  than  it  does  in  those  devoted  to  others.  These  processes  proceed 
rapidly  in  fallow  land  or  land  not  occupied  by  crops  that  is  stirred  fre- 
quently. 


I  :  I /nsoi/  sotufOfe^  fVjth  loafer 
'  rr^Osf  of  IfeOf 
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Decay  should  not  be  too  rapid.  If  these  processes  take  place  too 
rapidly  great  losses  of  nitrogen  may  take  place.  This  is  true  because 
nitrates  are  readily  soluble  in  or  are  dissolved  by  water  and  thus  if 
not  utilized  by  growing  plants  they  may  be  washed  out  of  the  soil  and 
pass  away  in  the  drainage  water.  We  have  found  for  example  that 
they  move  about  quite  readily  with  the  soil  moisture.  Dr.  T.  I-.  Lyon 
of  the  New  York  Agricultural  College  at  Cornell  University  found  that 
heavy  land  unoccupied  by  a  crop  lost  444.8  pounds  of  nitrogen  per  acre 
by  leaehiug,  whereas  the  losses  from  the  same  soil  when  cropped  were 
25.6  pounds  per  acre  per  year. 

We  may  say  therefore  that  the  presence  of  vegetable  matter  in  the 
soil  is  essential  to  successful  crop  production  because  it  is  from  this 
that  plants  obtain  much  of  their  nitrogen  supply.  Moreover  there  are 
other  decidedly  beneficial  effects  such  as  the  improvement  of  soil  tilth, 
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the  making  available  of  pbospborus,  potassium  and  other  elements  of 
plant-food  as  well  as  the  favorable  effects  it  has  on  lower  organisms^ 
germs  or  bacteria  that  are  beneficial.  This  material  must  decay  in  tbe 
soil,  consequently  if  a  proper  supply  is  maintained  provision  must  be 
made  for  regularly  renewing  it  This  is  another  condition  essential  to 
soil  fertility. 

Nitrogen  may  he  taken  from  the  air  by  legumes.  The  aoil  does  nofc 
furnish  all  of  the  nitrogen  that  some  crops  contain.  Tbe  legumes  or 
those  plants  that  form  seed  in  pods  such  as  the  clovers,  alfalfa,  peas, 
beans,  cowpeas  and  vetch  may  obtain  nitrogen  from  the  soil  air  by 
means  of  germs  or  bacteria  that  are  present  in  the  soil  or  added  to  it. 
These  attack  the  tender  portions  of  the  roots  and  cause  galls,  tubercles 


FiacBi.S.— It  la  mucb  better  to  bave  Btraw  re 
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or  nodules  to  form.  In  these  are  large  numbers  of  germs  or  bacteria 
which  are  able  to  talte  the  nitrogen  from  the  soil  air  and  pass  it  on  to 
the  plant  in  auch  form  that  it  makes  use  of  it  in  its  growth.  In  tbe 
light  of  our  present  knowledge  we  may  say  that  such  crops  derive  about 
two-thirds  of  their  nitrogen  from  the  soil  air  and  one-third  from  the 
soil.    This  relationship  is  shown  by  figures  3  and  i. 

Mtrogen  may  he  fixed  in  the  soil  by  other  organisms.  Some  germs  or 
organisms  take  nitrogen  from  the  aoil  air  and  fix  it  or  place  it  directly 
in  the  soil  in  such  condition  that  it  may  be  utilized  by  crops.  This  may 
proceed  in  the  absence  of  growing  crops.  It  is  agreed  that  tbe  activity 
of  these  varies  greatly  in  diflEerent  soils  and  they  are  encouraged  by 
many  conditions  that  are  favorable  to  the  common  crops  such  as  heat, 
moisture,  lime,  pbospborus,  vegetable  matter,  good  tilUi  and  otbera. 
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THB  POTASH   SITUATION   DESBRTSS  CONSIDERATION. 

Potash  is  leached  from  the  soil  in  relatively  small  amounts.  Analyses 
of  river,  well  and  drainage  waters  taken  from  several  parts  of  the  fanmid 
areas  of  the  world  show  that  this  is  not  important  in  the  mainte- 
nance of  soil  fertility.  When  this  element  of  plant-food  is  applied  to 
ttie  soil  it  is  held  quite  firmly  until  removed  by  growing  plants.  Very 
porous  sands  may  be  exceptional  however.  On  the  other  hand  potash 
that  is  present  in  hay,  straw  or  manure  is  quite  easily  washed  out  when 
exposed  to  the  elements  and  may  be  lost  so  far  as  crop  production  is 
concerned. 

Potash  is  contained  in  relatively  large  amounts  in  unleached  manure, 
one  ton  on  the  average  carrying  lO.'S  pounds.  This  constitutes  the  chief 
carrier  of  potash  used  on  Michigan  soils.  Potash  can  be  purchased  on 
the  market  in  several  carriers. 


FioDK  E.— Gullylns  In  Qeld^  makea  poitlona  of  them  Inuceeslbte,  unproductive  and  builea  good 
land  tb&t  IIgb  M  lower  levelB. 

THE   L0SSH8   OF  PHOSPHOBIC  ACID  BT   LEACHING   ARE   BUAUk 

The  amount  of  phosphoric  acid  removed  from  soils  by  drainage  water 
is  less  than  that  of  potash.  Investigations  conducted  in  England  and 
at  several  experiment  stations  in  this  country  show  that  phosphoric  acid 
that  is  present  in  or  added  to  soils  is  held  tenaciously  by  them.  More- 
over it  is  not  removed  from  manure  or  crop  residues  as  is  potash. 

Manure  contains  less  phosphoric  acid  than  potash,  a  ton  carrying 
under  average  conditions  about  6  pounds.  The  chief  sources  of  supply 
are  the  commercial  carriers. 

Most  soils  of  the  State  respond  to  applications  of  phosphate  fertilizers. 
For  farther  information  relative  to  this  important  pliuLt-food  refer  to 
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Hie  Mieliigiiii  Kxiieriineiit  Htutiou  regular  bulletin  Ku.  '2Si — "Some  In- 
foruiatimi  iiiul  .SnggeMtioiis  Oouceriiiug  the  Use  of  I'liosphorue." 

SOIL   EROSION    SHOULD   BE   CHBCKKD. 

The  removal  of  the  surface  soil  by  water  erosion  or  washing  is  serious 
in  many  fields.  The  gullying  in  fields  attracts  some  comment  and  re- 
sults in  considerable  inconvenience  in  certain  localities  but  on  the  whole 
this  is  of  minor  importance  in  comparison  with  sheet  erosion  or  the 
displacement  of  the  surface  layer  of  soil  without  the  formation  of  gullies. 
The  fertility  of  small  valleys  and  depressions  and  the  low  productivity 
of  knolls  and  ridges  in  undulating  and  rolling  land  bear  evidence  of 
the  washing  from  the  upland  of  the  richer  surface  soil.  Moreover  soluble 
plant-food  constituents  accumulate  to  a  variable  extent  on  the  surface 
of  these  heavier  soils  as  they  become  dry,  more  so  when  either  bare 
of  vegetation  or  devoted  to  tilled  crops  than  if  occupied  by  grasses  or 
small  grains.  When  torrential  or  dashing  rains  follow  such  conditions 
appreciable  quantities  of  these  are  removed  by  the  water  that  runs  off 
the  surface. 

These  amounts  do  not  seem  large  and  yet  when  it  is  recalled  that  they 
must  be  procured  from  the  available  supply  of  the  soil  tjiey  assume  a 
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new  importance.  A  large  number  of  samples  have  been  taken  from  the 
predominating  Boils  types  in  Michigan  and  subjected  to  analyses.  The 
samples  were  placed  in  two  groups :  cropped  and  uncropped.  The  former 
were  taken  from  fields  which  have  been  under  cultivation  for  a  long 
period  of  years  and  the  other  group  from  liue  fences,  woodlots  and 
virgin  timber,  which  have  never  been  under  cultivation.  A  summary 
of  the  results  of  many  analyses  is  given  in  table  1. 


TiBLi  1.— Pounds  of  Qliroeen,  pboapboric  odd  and  bumiu  in  culUraled  and  lumaltWated  soUii. 

Nitnven. 

Pbosphorio  acid. 

EumuB. 

VlrBln, 

Cropped 

Per 

ence. 

VlrEln 

Cropped. 

Per 

VliVtii. 

Cropped 

Per 

dlflel- 

loamy  sands  and  sandy 

3,032 

1.603 

3,355 

24-46 

S.I54 

2.D8S 
2,224 

29.48 

85,802 

70,466 

loam*  of  B,  W.  Mi^- 
oak,     maple,      baech. 

The  decreased  fertility  shown  in  this  table  is  supported  by  observations 
of  the  older  settlers,  who  in  many  communities  tell  us  of  the  large  wheat 
yields  and  luxuriant  stands  of  clover  of  earlier  years. 


IS  Renerallon  the  fertility  of  K 


FERTILITY   REMOVED  BY  CROPPING. 


Since  unquestionably  there  has  been  a  decrease  in  the  fertility  of 
Wost  of  our  soils  it  ia  well  to  study  some  of  the  farming  systems  followed 
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in  the  State  to  learn  if  possible  where  the  difficulty  lies.  This  ia  es- 
pecially desirable  since  on  most  farms  considerable  quantities  of  manure, 
clover  sod  and  other  organic  materials  are  plowed  under.  We  have 
worked  out  in  detail  the  conditions  that  may  exist  under  several  sys- 
tems of  farming. 

Conditions  on  a  grain  farm.  Some  farmers  follow  a  system  of  grain 
farming.  The  maximum  or  greatest,  the  minimum  or  lowest  and  the 
average  losses  of  certain  plant-food  constituents  are  summarized  in 
table  2. 


Tablb  3— Plant  food  baluice  on  s  100 
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It  is  seen  that  under  the  conditions  given  a  considerable  annual  loss 
of  nitrogen,  phosphoric  acid  and  potash  is  sustained  on  this  farm.  This 
is  true  irrespective  of  the  fact  that  all  stover  not  fed  is  plowed  under 
and  assuming  that  there  is  no  loss  of  plant  food  from  straw  used  for 
bedding,  a  condition  which  is  not  true.  If  all  the  straw  not  used  on  the 
farm  were  plowed  under  Instead  of  being  sold,  there  would  still  be  a 
net  average  loss  of  2,G09.73  pounds  of  nitrogen,  1,220.24  pounds  of  phos- 
phoric acid  and  1,423.83  pounds  of  potash. 

Conditions  on  a  general  farm.  In  some  instances  general  farming  is 
practiced.  The  fertility  situation  as  neprly  as  can  be  determined  is  as 
given  in  table  3. 

(■TTjInB  8  rows.  4  young  eailte.  S  horset 
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The  losses  of  plant-food  elements  from  tiie  100-acre  general  farm 
are  somewhat  leas  than  from  the  grain  farm  of  similar  size  but  they 
are  still  menacingly  large.  The  keeping  of  enough  livestock  to  consume 
a  coDsiderable  portion  of  the  farm  produce  has  reduced  the  annual  loss 
of  fertility  but  not  so  much  as  is  generally  believed. 

The  clover  hay  has  taken  its  nitrogen  from  the  air  rather  than  from 
the  soil.  The  amount  of  nitrogen  so  removed,  however,  is  equal  to  the 
nitrogen  contained  in  the  tops  or  hay,  that  in  the  roots  being  drawn 
from  the  soil.  It  is  evident,  therefore,  that  the  mere  growing  of  clover 
does  not  increase  the  supply  of  nitrogen  in  the  soil  unless  the  clover  is 
returned  directly  or  as  manure.  If  the  clover  is  fed  to  dairy  stock  a 
considerable  percentage  of  the  nitrogen  it  contains  is  retained  by  the 
animal.  The  clover  also  draws  its  supply  of  mineral  elementa  from  the 
soil  and  hence  there  is  a  direct  loss  of  these  materials. 

In  general  a  larger  crop  follows  the  plowing  under  of  a  clover  sod 
even  when  alt  the  hay  has  been  removed.  This  is  due  to  the  fact  that 
the  roots,  stubble  and  fallen  leaves  of  clover  decomposes  rapidly  releas- 
ing their  supply  of  plant-food  elements.  This  decomposition  may  force 
the  soil  particles  to  release  a  portion  of  their  elements  in  an  available 
form.  The  result  is  then  available  plant-food  rather  than  an  increased 
supply  in  the  soil. 

Conditions  on  a  dairy  farm.  Dairy  farming  is  widely  practiced  in 
Michigan.  The  plant-food  condition  on  a  farm  carrying  sufficient  stock 
to  consume  practically  all  the  feed  crops  which  can  be  grown  and  still 
maintain  a  fairly  well  balanced  farming  system  in  addition  to  purchased 
concentrates  will  be  studied  here. 
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The  question  arises  at  this  poiDt,  "Why  is  it  that  oq  livestock  farms 
good  yields  are  still  obtaineil,  while  where  little  or  no  stock  is  kept  the 
Boil  depletion  is  much  more  evident?"  We  must  remember  that  most 
of  the  plant-food  elements  in  manure  are  readily  available  or  soon  be- 
come so.  Therefore  when  manure  is  applied  a  quantity  of  very  effective 
material  is  added  which  though  it  does  not  equal  in  amount  the  material 
removed  from  the  soil  in  crops,  is  very  quick  to  show  results.  The 
manure  during  decay  may  make  available  some  mineral  elements  of 
plant-food.  Moreover  the  soils  have  been  changed  more  frequently  than 
where  grain  farming  has  been  followed. 

The  maximum  and  minimum  and  average  losses  of  the  plant-food 
elements  are  given  above.  It  must  be  borne  in  mind  that  the  amount 
of  IJiese  nutrients  retained  by  dairy  cows  varies  greatly^  those  animals 
giving  a  large  flow  of  milk  naturally  retaining  more  than  the  less  pro- 
ductive individuals.  The  care  with  which  manure  is  handled  varies 
greatly.  With  low  producing  animals  and  the  best  of  care  the  losses 
may  run  below  the  minimum  set  and  on  the  other  hand  a  combination 
of  higher  producing  cows  and  careless  handling  of  manure  may  result 
in  a  greater  loss  than  is  indicated  by  the  maximum. 

It  will  be  noted  in  the  detailed  statements  of  the  operations  on  these 
farms,  which  appear  in  the  appendix  that  only  10  acres  of  good  clover 
hay  are  grown.  This  represents  the  condition  as  it  exists  on  a  majority 
of  the  farms  today  but  is  far  from  the  condition  desired  and  from  the 
farm  practices  that  prevailed  in  the  earlier  history  of  the  State.  It 
seems  advisable  therefore  to  include  a  summary  of  plant-food  conditions 
on  a  100-acre  general  farm  growing  twenty-five  acres  of  clover.  This 
should  permit  clover  to  be  growu  on  every  acre  once  in  every  four  years. 
The  balance  on  a  100-acre  sandy  farm  using  a  short  rotation  including 
twenty-five  acres  of  clover  and  five  acres  of  soy  beans  is  also  included 
(tables  5  and  6). 

A  comparison  of  the  data  from  the  general  farms  growing  small  and 
large  acreages  of  clover  respectively  shows  that  the  larger  acreage  of 
legumes  has  decreased  tlie  loss  of  nitrogen  but  has  increased  the  drain  on 
the  phosphorus  and  potas-stum.  This  is  what  would  be  expected  since 
a  large  proportion  of  the  hay  was  sold.  However,  only  three  more  tons 
of  hay  were  sold  from  the  general  farm  than  from  the  dairy  farm  carry- 
ing 20  cows  but  feeding  silage.    If  the  second  cutting  were  turned  under 
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or  the  etraw  returned  after  threshing  the  loss  would  be  dimiaished  by 
approximately  750  pounds  of  nitrogen,  82  pounds  of  phosphorus  and 
5G0  pounds  of  potassium. 

On  the  sandy  farm  the  losses  are  not  so  heavy  because  the  crops  pro- 
duced are  not  so  large. 


Table  5.— Plant  food  balanco  on  a  lOO-acre  eerieral  farm,  Kiowlug  2-^  acrea  of  cl 
S  COM9,  4  yoiinf;  uattle.  5  horses  itnd  14  tioga. 

v« 

and  carry  ine 

Nitrogen— 

Phosphoric 
pounds. 

PotMh— 

Plant  food  In  feed  conaumert  anil  pasture  gtaaa 

Loss  during  digeation  and  haiidlinB  of  ma-  f  Manlmum. . . 

li544!44 
1.065,18 

illi 

1. 605. 02 

III 

1 

22 

1 
1 

''i-i 

Total  returned  to  sol! {  mS^.'  '. '. 

1:S|S:| 

i:S?!', 

Ta»l.  8.— Plant  food  l>al 
cludlwi  as  acres  of 

noe  on  a  lOft-acro  general  farm 
clover,  and  carrying  6  ™wa,  i  y 

ounB?aure.''5 

iioraea  an 

d'll 

rotation,  In- 
hogB. 

Nitrogen- 

FhoHphoric 

Potash— 

foodi    foed 

if 

.as  .2S 

:1I  :iS 

3  08     14 

Lo58  during  digestion  and 

''r''^°""°:\^^iS^^:::. 

■1 
,1 

S42 

1 
1 

I  Average 

Total  tetiimed  to  aoil 

Removed  from  soil  In  crop 
Annual  loaa  from  eoll 

: ISr-- 

i:l:i 

(MKlSuT;.:- 

(Average 

2;i35:60 

It  is  impossible  to  state  the  actual  loss  of  nitrogen  per  year  on  any 
farm,  because  there  are  several  variables  such  as  the  fixation  of  nitrogen 
and  the  losses  due  to  leaching,  erosion,  etc.  The  fact  that  some  soils 
are  growing  lighter  in  color,  however,  is  evidence  that  a  considerable 
loss  of  nitrogen  ia  sustained.  This  is  borne  out  by  the  results  of  field 
experiments  quoted  later  in  this  publication  which  show  a  decided  and 
profitable  increase  in  the  yield  of  wheat  on  the  sandier  soils  as  a  result 
of  the  use  of  commercial  nitrogen. 

A  consideration  of  these  farming  systems  leads  to  the  inevitable  con- 
clusion that  the  fertility  of  the  soil  can  not  be  maintained  without  the 
supplying  of  plant-food  elements  from  some  CKterior  source.  The  source 
at  present  available  is  commercial  fertilizers. 

THE  USE  OF  FERTILIZERS. 

Most  farm  practices  reduce  to  a  greater  or  less  extent  soil  fertility. 
In  fact  it  is  common  knowledge  that  fertile,  vii^in  soils  produce  an 
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abundance  of  crops  without  the  application  of  any  form  of  fertilizing 
materiaU  but  later  they  become  less  productive  ^nd  the  fanner  makea 
use  of  farm  manure  and  other  materiaU  produced  on  the  farm  in  order 
to  overcome  this  couditiou.  Still  later  materials  must  be  purchased 
from  outside  sources  if  the  farm  is  to  continue  in  its  productivity.  It  is 
now  considered  that  many  new  soils  also  will  profitably  respond  to  ap- 
plications of  lime  or  other  materials. 

The  chief  object  in  view  when  fertilizers  are  used  is  to  increase  the 
yield  of  crops  at  a  maximum  profit  or  in  other  words  to  increase  the 
labor  income  on  the  farm  and  it  should  also  be  the  aim  to  maintain  the 
fertility  of  the  soil  at  the  some  time.  There  are  less  acres  of  land, 
horse  and  man  hours  required  to  raise  a  given  amount  of  produce  on 
good  land  than  on  land  of  average  fertility  or  less.  This  is  exemplified 
by  the  figures  in  table  7. 

]an<t  required  to  produce  the  e* 
■•  llmeS ' 
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This  may  be  carried  farther  by  showing  that  the  returns  for  labor  are 
affected  by  crop  yields.  Dr.  J  I.  Falconer  of  Ohio  State  University 
recently  reported  results  of  studies  made  in  1918  of  67  farms  in  a  com- 
munity in  Huron  county,  Ohio.  He  reported  that  these  farms  lie  on  the 
same  soil  type.  They  were  divided  into  three  groups  according  to  their 
yields  as  shown  in  table  8. 


Table  8.— Effect  of  crop  yielda  on  labor  Income 

Crop  Yields. 

"Zr^"' 

^1, 

!l 

The  labor  income  is  greatly  affected  by  crop  yields  or  the  fertility 
relationships  of  the  Soil.  It  is  good  business  practice  to  produce  yields 
of  crops  considerably  nbove  the  average  of  the  state. 

There  are  several  principles  involved  in  the  use  of  commercial  fertilizers 
that  should  be  considered.  Application  of  fertilizers  to  soils  when  the 
formation  of  available  plant-food  from  vegetable  and  mineral  matter  is 
slow  are  frequently  desirable.    If  the  spring  growth  of  fall  sown  grain 
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is  backward  because  of  a  severe  winter  or  a  late  spring  the  nae  of  light 
top  dressings  of  nitrates  on  some  soils  is  a  profitable  and  desirable 
practice.  Wliere  weather  conditions  are  such  that  very  late  fall  seed- 
ing is  obligatory  or  late  seeding  ia  practiced  on  account  of  the  Hessian 
Fly,  the  use  of  readily  available  fertilizers  is  urgent  in  as  much  as  they 
cause  a  rapid  growth  and  winter  injury  is  less  serious.  Moreover  where 
an  early  marketable  crop  is  desired  the  use  of  commercial  fertilizers 
is  advisable.  In  addition  the  use  of  readily  available  fertilizers  is  aouud 
in  regions  where  the  growing  period  is  short  since  they  tend  to  hasten 
growth  and  maturity.  Still  another  point  to  consider  is  that  fertilizers 
may  increase  the  root  development  of  plants  and  consequently  their 
feeding  range,  thereby  assisting  them  to  obtain  additional  elements  of 
plant-food  from  the  soil.  This  probably  accounts  for  the  benefit  derived 
from  small  applications.  Naturally  such  practices  do  not  comprise 
permanent  systems  of  fertility. 

The  vegetable  matter  or  humus  content  of  soils  may  be  increased  by 
the  use  of  commercial  fertilizers.  It  has  been  shown  that  the  roots  and 
above  ground  portions  of  crops  may  be  increased  by  this  means  if  proper 
rotations  of  crops  are  followed.  There  is  more  material  left  in  soils  and 
larger  quantities  of  residues  or  manure,  straw,  etc.,  to  return  to  the 
land.  If  on  the  other  hand  the  soil  is  improperly  managed  or  the  resi- 
dues are  carelessly  handled,  burned  or  not  returned  to  the  land,  small 
amounts  of  available  commercial  fertilizers  will  result  in  more  rapid 
depletion  of  humus  than  if  they  are  not  used. 

Some  soils  are  actually  deficient  in  one  or  more  elements  of  plant 
food  and  fertilizers  are  added  to  meet  this  need.  As  has  been  pointed 
out  this  is  the  case  with  many  of  Michigan's  heavy  soils  with  respect 
to  phosphoric  acid,  and  sandy  soils  are  not  only  low  in  phosphoric  acid 
but  are  also  generally  deficient  in  humus  and  nitrogen.  Although  potash 
is  usually  present  in  abundance  in  the  mineral  soils,  we  have  found  that 
its  use  on  some  sandy  lands  is  desirable  for  the  production  of  the  l^umes 
and  many  growers  report  also  that  it  is  desirable — when  prices  are 
normal — for  the  production  of  potatoes  and  root  crops.  Some  muck 
and  peat  soils  respond  to  lime,  some  to  phosphoric  acid,  some  to  potash, 
and  some  to  both  phosphoric  acid  and  potash.  , 

We  have  in  progress  many  field  tests  that  are  being  conducted  co- 
operatively by  farmers,  county  agents  and  representatives  of  the  Soils 
Section.  It  is  proposed  to  continue  these  at  least  one  round  of  a  rota- 
tion and  longer  if  practicable.  Although  it  is  recognized  that  the  value 
of  such  tests  increases  with  the  length  of  time  they  are  continued,  it 
seems  advisable  to  report  the  results  we  have  obtained  at  this  time.  A 
summary  is  given  in  table  9  followed  by  a  detailed  report. 

In  calculating  the  returns  from  the  application  of  tbe  materials  ap- 
plied to  the  soils  the  following  prices  per  bushel  were  used :  Wheat, 
t2.00;  corn,  |1.2-5;  oats,  $0.60;  rye,  |1.50;  soy  beans,  $5.00.  The  follow- 
ing in  terms  of  tons:  Clover  hay,  $22.00;  straw,  $8.00;  lime,  $4.50;  acid 
phosi^ate,  $32.00;  sodium  nitrate,  $90.00;  potash,  $176.00,  rock  phos- 
phate, $20.00;  sulphate  of  ammonia,  $100.00.  If  the  price  of  farm  prod- 
ucts were  only  one-half  the  amounts  used  and  the  cost  of  the  fertilizers 
were  the  same,  naturally  the  returns  derived  from  their  use  would  be 
less. 
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RESULTS  FUOM   THE  tJSB  OF  LIMB. 

Tests  conducted  on  the  farm  of  John  WheetiDg  in  Lapeer  county  in 
all  cases  have  shown  excellent  results  from  the  use  of  Ume.  The  soil 
is  a  roUiug  sand  on  sandy  silt  sub-soil  typical  of  large  areas  in  that 
section.  The  land  has  beeu  farmed  a  number  of  years.  Lime  at  the 
rate  of  2  tons  per  acre  was  applied  in  the  spring  of  1919  for  corn.  The 
increase  in  yidd  of  this  crop  due  to  the  lime  was  19.86  bushels  and 
920  pounds  of  stover.  The  following  year  oats  were  seeded  on  the  same 
areas.  The  increase  in  yield  of  oats  due  to  the  lime  was  29.33  bushels 
and  1,280  pounds  of  straw.  After  having  deducted  the  cost  of  lime  n 
return  of  J29.95  was  derived  from  the  first  two  crops  of  a  four-year 
rotation. 

On  the  same  farm  and  the  same  soil  type  an  application  of  lime  on 
wheat  land  in  the  fall  of  1919  gave  an  increase  of  6.23  bushels  of  grain 
and  832  pounds  of  straw.  The  returns  above  the  cost  of  lime  amounted 
to  17.99  per  acre. 

Lime  iB  used  profitably  on  the  Cass  county  farm.  Experiments  to 
determine  the  value  of  lime  were  started  in  the  spring  of  1917  on  the; 
Cass  county  farm.  The  soil  is  a  sand  to  sandy  loam  on  a  subsoil  of 
gravelly,  silty  nature.  This  land  has  been  farmed  for  many  years  and 
four  years  previous  to  1917  had  been  idle  because  it  was  too  poor  to 
produce  profitable  crops.  An  application  of  6,300  pounds  of  lime  per 
acre  was  made  on  a  series  of  plots  with  corresponding  plots  untreated. 
A  four-year  rotation  of  soy  beans  for  seed,  rye,  wheat  and  soy  beans  for 
green  manure,  has  been  followed.  The  average  increase  of  the  limed 
over  the  untreated  plots  is  as  follows:  Soy  beans,  1.11  bushels;  rye, 
1.70  bushels  J  wheat,  6.5  bushels  and  632  pounds  of  straw;  and  soy 
beans,  1,231  pounds  of  green  weight.  After  deducting  the  cost  of  the 
lime  from  the  first  three  crops  grown  in  the  rotation  there  remains  a 
balance  of  J9.60  per  acre.  On  a  similar  treated  series  sweet  clover  was 
grown  as  a  green  manure  crop  instead  of  soy  beans,  the  last  crop  of  a 
four-year  rotation.    The  average  of  tbe  lime-treated  over  the  unlimed 
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plots  showed  an  increase  ot  1,450  pounds  of  green  matter,  the  quantity 
of  sweet  clover  produced  on  the  untreated  plots  being  negligible. 

On  the  above  soil  further  work  was  carried  on  using  different  fineness 
of  division  of  limestone  and  other  forms  of  lime.  A  standard  application 
of  4,000  pounds  of  the  carbonate  forms,  limestone  and  marl,  and  an 
equivalent  amount  of  lime  in  the  hydrated  form  were  used.  A  rotation 
of  soy  beana  for  seed,  rye,  wheat  and  sweet  clover  for  green  manure  has 
been  followed.  Owing  to  a  late  spring  application  of  lime  and  late 
seeding  of  soy  benns  the  first  year,  the  crop  was  very  poor  and  the  re- 
sults are  not  given.  In  table  10  are  presented  the  results  for  the  rye  arid 
wheat  crops. 


Tablk 10 

Rye,  1918. 

Wheat.  IS20. 

Grain— 

busheh. 

Gr»ln— 
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"iE- 

Rn 

0.0 

i:73 

12 

if 

The  sweet  clover  allhoiigh  grown  for  green  manure  in  the  season  of 
1921  showed  little  differences  in  growth  where  the  soil  was  treated  with 
marl,  hydrated  lime  and  80-mesh  limestone.  The  growth  of  sweet  clover 
in  1920  was  less  as  the  coarseness  of  the  limestone  increased. 
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Lime  bas  been  used  to  less  advantage  in  Emmet  and  Cheboygan  conn- 
ties.  Experiments  conducted  on  sandy  soils  witb  ligbt  to  medium 
heavy  subsoils  in  Emmet  and  Cheboygan  counties  show,  as  an  average 
of  three  fields  vbere  lime  was  applied  at  the  rate  of  2  tons  to  the  acre, 
an  increase  of  l.d  bushels  of  rye  but  none  in  case  of  tbe  straw.  Lime  did 
not  affect  the  growth  of  the  1920  spring  seeding  of  sweet  clover  and  al- 
falfa on  these  projects.  It  is  very  doubtful  if  lime  can  be  used  economic- 
ally on  these  special  types  of  soil. 

Experiments  conducted  on  the  Manistee  county  farm  near  Manistee 
and  on  tbe  farm  of  Thomas  Moore  near  ThompBonville,  indicate  that 
lime  may  be  used  with  profit  in  this  section.  The  soils  are  ratber  light 
sands  on  open  eaAdy  subsoils.  In  eacb  case  2,5  tons  of  lime  were  applied 
in  the  fall  of  1910.    On  the  county  farm  the  lime  increased  the  yield  of 
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rye  4.52  bushels  per  acre  and  resulted  in  an  excellent  stand  of  alfalfa 
that  was  seeded  witb  tlie  rye.  Alfalfa  seeded  on  the  untreated  land 
was  a  failure.  On  tbe  farm  of  Mr.  Moore  the  limed  plot  yielded  T.99 
bushels  more  rye  per  acre  than  the  unlimed  portion  of  the  field.  In  this 
case  the  increased  yield  of  rye  the  first  year  of  the  rotation  paid  tor  the 
cost  of  the  lime  and  left  a  profit  of  73  cents  per  acre. 

BARNYARD    MANURD. 

Experiments  are  being  carried  on  to  determine  the  value  of  barnyard 
manure.  At  the  Van  Buren  county  farm  near  Hartford  10  tons  of 
manure  were  applied  in  tbe  spring  of  1917.  The  soil  in  question  is  a 
poor  sandy  loam.  The  manure  increased  the  yield  of  the  oat  crop  14.6 
busbels  of  grain  and  2S1  pounds  of  straw.  Clover  showed  a  slight  gain 
of  ii  pounds  per  acre.  From  the  two  crops  the  gross  returns  amount 
to  110.41  per  acre. 

Other  experiments  on  the  farm  of  John  Wheeting  near  Imlay  City 
are  in  progress.'   The  soil  is  a  sand  underlaid  by  a  sand  silt  subsoil 
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not  very  retentive  of  water.    The  yield  from  the  first  two  crops  of  a 
4-year  rotation  is  given  in  table  11. 

T*BLm  11. — Value  of  manure  on  Wheeling  Farm. 
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The  gross  retunis  from  the  manure  amounted  to  $30.05  per  acre. 

A  similar  test  conducted  on  the  farm  of  I'aul  Schnelle  near  Clarion, 
Emmet  county,  gave  excellent  returns  in  1920.  Eight  tons  of  manure 
were  applied  to  a  hardwood  sand  which  was  biter  seeded  to  rye.  The 
increase  in  yield  of  rye  on  the  manured  plot  over  the  unmanured  plot 
amounted  to  fl8.C3  gross  per  acre  the  first  of  a  four-year  rotation, 

TOP  DRESSING  WHEAT  LAND  WITH   COMMERCIAL  NITROGEN. 

The  value  of  top  dressing  wheat  with  commercial  nitrogen  has  been 
investigated  for  two  years.  The  applications  were  made  as  early  in  the 
spring  as  the  land  was  in  suitable  condition  for  it.  Two  divisions  of 
soils  have  been  worked  on,  namely,  sands  and  light  sandy  loams;  and 
heavy  sandy  loams  and  heavier  types.  All  of  these  lie  in  the  southern 
half  of  the  lower  peninsula.  The  materials  used  for  top  dressing  were 
sodium  nitrate  and  ammouium  sulphate.  The  application  consisted  of 
9.18  pounds  of  nitrogen  per  acre  or  CO  pounds  of  sodium  nitrate  and 
41.8  pounds  of  ammonium  sulfate.  Twenty-four  trials  have  been  made 
on  the  light  types  of  soil.  An  average  increase  of  5.34  bushels  over  the 
untreated  was  obtained  where  nitrogen  was  applied.  After  having  de- 
ducted the  cost  of  the  commercial  nitrogen  in  the  form  of  nitrate  of 
soda  the  net  returns  were  J7.98  per  acre. 

Twenty-eight  trials  have  been  made  on  the  heavy  types  of  soil.  An 
average  of  all  tests  on  the  heavy  soils  shows  an  increase  of  .78  bushels 
per  acre.  After  having  considered  the  cost  of  the  nitrogen  a  loss  of 
11.14  per  acre  resulted.  The  detailed  report  of  these  tests  is  given 
in  the  February  issue  of  the  1931  Experiment  Station  Quarterly. 

TESTS  WITH  ROCK  PHOSPHATE — HEAVT  SOILS, 

Three  trials  have  been  made  using  rock  phosphate  alone  and  in  com- 
bination with  other  fertilizing  materials.  Where  used  alone  at  the  rate 
of  2,000  pounds  per  acre  on  the  farm  of  W.  C,  Kempster  at  Coldwater 
excellent  results  have  been  obtained.  The  soil  is  a  heavy  silt  loam  on 
a  tight  subsoil.  Two  crops,  oats  and  wheat,  of  a  four-year  rotation  have 
been  harvested  and  after  having  deducted  the  cost  of  the  rock  phosphate 
returns  amounting  to  $23.88  per  acre  have  been  derived. 

Experiments  have  been  conducted  over  a  three-year  period  on  the 
Van  Buren  county  farm  near  Hartford,  the  soil  of  which  is  a  heavy 
sandy  loam.     In  these  tests  2,000  pounds  of  rock  phosphate  per  acre 
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in  combinatiou  with  oitrogen  and  potash  have  been  used.  From  one 
crop  of  oats  aud  two  crops  of  clover  $6.64  per  acre  have  been  obtained, 
that  is  above  the  cost  of  the  phosphate.  On  the  same  field  rock  phos- 
phate has  been  used  at  the  rate  of  1,000  pounds  per  acre  in  conjunction 
with  10  tons  of  barnyard  manure.  After  having  deducted  the  cost  of 
Ihe  phosphate  returns  of  $14.79  per  acre  have  derived  from  one  oat  crop 
and  two  clover  crops. 

The  use  of  rock  phosphate  at  the  rate  of  2,000  pounds  In  conjunction 
with  marl  the  first  two  years  of  a  four-year  rotation  has  shown  a  net 
loss  of  $22.35  per  acre  on  the  farm  of  Jas.  Richards  near  Eau  Claire. 
The  soil  is  a  silt  loam  with  a  tight  subsoil. 

LIGHTEIt  TYPES  OF  SOIL. 

Kock  phosphate  where  used  on  llie  lighter  types  of  soil  has  not  been 
as  promising  in  the  early  stages  of  tlic  tests  as  it  has  when  used  on 
heavy  land. 

Applications  of  2,000  pounds  of  rock  pliospliatc  with  3  tons  of  lime 
per  acre  were  made  on  the  Cass  county  farm  near  Cassopolis.  At  the 
end  of  a  four-year  rotation  of  soy  bean.s  for  seed,  rye,  wheat  and  soy 
beans  for  green  manure,  a  loss  of  84  cents  per  acre  was  obtained. 

Experiments  carrie<l  on  with  sandy  soil  in  Emmet  and  Cheboygan 
counties  where  2,000  pounds  of  rock  phosphate  have  been  used  alone, 
sliow  au  average  loss  of  $12.94  per  acre  on  the  first  crop  of  a  four-year 
rotation. 

Applications  of  rock  phosphate  to  a  portion  of  an  outwash  sand  plain, 
belonging  to  E.  D.  Fairchilds,  resulted  in  a  loss  of  $18.78  per  acre  from 
two  crops,  corn  and  rye,  of  a  four-year  rotation. 

TESTS    WITH   ACID   TIIOSrHATB. 

The  results  obtained  from  experiments  with  the  use  of  acid  phosphate 
alone  and  together  with  combinations  of  lime,  nitrogen  and  potash  vary 
considerably  on  heavy  and  light  soils. 

LIGHT   SOII^,   SAND  TO   LIGHT  SANDY   LOAMS. 

Experiments  are  being  conducted  on  sandy  soils  in  Emmet  and  Che- 
boygan counties.  The  soil  types  are  hardwood  sands  with  light  to 
medium  heavy  subsoils.  Acid  phosphate  was  applied  at  the  rate  of 
250  pounds  per  acre  on  three  separate  areas.  The  average  increase  of 
rye  for  the  first  year  shows  3.73  bushels  of  grain  and  173  pounds  of  straw 
over  adjacent  unphosphated  lands.  For  the  first  year  tills  gives  returns 
of  $2,28  per  acre  after  deducting  the  cost  of  the  acid  phosphate.  On 
the  same  lands  a  combination  of  250  pounds  of  acid  phosphate  and 
sodium  nitrate  {100  pounds  per  acre)  was  used  on  rye.  The  treated 
plots  yielded  an  increase  of  13.82  bushels  of  grain  and  219  pounds  of 
straw,  or  when  the  cost  of  both  sodium  nitrate  and  acid  phosphate  arc 
considered,  returns  of  $13.10  per  acre.  On  the  same  lands  combinations 
of  250  pounds  of  acid  phosphate,  100  pounds  of  sodium  nitrate  and  100 
pounds  of  mnriate  of  potash  were  used.  The  combination  of  the  three 
materials  gave  an  increase  of  11. C7  bushels  of  grain  and  823  pounds  of 
straw  per  acre.  The  returns  from  the  first  crop  above  the  cost  of  ma- 
terials amounted  to  $3.40  per  acre.     Under  the  condittous  of  land  in  this 
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district  it  aeeme  from  our  present  knowledge  that  combioationa  of  acid 
phosphate  and  sodium  nitrate  will  give  the  most  profitable  returns. 
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Gutlirie  Farm,  Mendon. 

The  results  obtained  in  Cass  county  are  striking,  Experiments  were 
inaugurated  in  1917  on  the  Cass  county  field  spoken  of  previously.  Acid 
phosphate  was  applied  twice  during  a  four-year  rotation  on  land  limed 
at  the  rate  of  3.15  tons  per  acre.  A  four -year  rotatimi  of  wiybeann  for 
«eed,  rye,  wheat  and  soybeans  for  green  ninnnpe  was  followed  with  the 
following  increase  in  yields:  Soybeans,  .02  bushels;  rye,  2,10  bushels; 
wheat,  J,i)3  bushels  and  450  pounds  of  green  weight  in  soybeans.  The 
profit  above  the  cost  of  material  amounted  to  71  cents  per  acre.  Where 
acid  phosphate  was  combined  with  sodium  nitrate  (100  pounds  per  acre 
each  year)  on  the  same  soil  and  the  same  rotation  it  gave  the  following 
increases  in  yield  over  limed  check  plots:  soybeans,  .77  bushel;  rye, 
4.09  bushels;  wheat,  10.07  bushels,  green  weiglit  of  soybeans  GSO  pounds 
or  returns  of  111.44  per  acre  after  deducting  costs  of  materials.  When 
acid  phosphate  was  used  in  connection  with  sodium  nitrate  (100  pounds 
per  acre  per  rotation)  and  100  pounds  of  muriate  of  potash  per  four- 
year  rotation  the  increase  over  the  lime-treated  check  amounted  to  the 
following:  Soybeans,  1,07  bushels;  r>'e,  10.42  bushels;  wheat,  14.94 
bushels  and  green  weight  of  soybenns  680  itounda  or  a  profit  after  de- 
ducting the  cost  of  material  of  |22.20  per  acre. 

Similar  tests  are  being  conducted  on  two  poor  sandy  soils  in  Hanistee 
county.  Acid  phosphate  when  used  alone  at  the  rate  of  250  pounds  per 
acre  has  increased  the  average  yield  of  rye  on  the  two  fields,  9.22  bushels 
and  620  pounds  of  straw.  Although  this  is  only  the  first  crop  of  a  fonr- 
year  rotation  after  deducting  the  cost  of  the  materials  a  profit  of  $13.83 
per  acre  remains.  On  the  same  soil  acid  phosphate  in  combination  with 
sodium  nitrate  (100  pounds  per  acre  per  year)  gave  an  average  increase 
of  rye  over  an  untreated  plot  of  12.28  bushels  of  grain  and  612  pounds 
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of  atraw  or  a  profit  of  f  12.36  per  acre  above  tbe  cost  of  the  fertilizing 
materialB.  When  acid  phosphate  was  used  in  combination  with  sodinm 
nitrate  (100  lbs.  per  acre)  and  potash  as  the  muriate,  at  the  rate  of 
100  pounds  per  acre  per  rotation  an  average  increase  of  11.97  bushels 
of  grain  and  964  pounds  of  straw  resulted.  After  deducting  the  cost  of 
materials  a  return  of  f4.50  was  obtained. 


pbo^tuite;  Mo.  2.  acid  pbowbate  and  ultntte  of  soda;  No.  3,  the  sa 
HBATT  8ANDT  LOAMS,  SII/T  L0AM3. 

Acid  phosphate  when  used  alone  on  heavy  types  of  soil  with  rather 
impervious  subsoils  has  given  good  returns. 

Fertilizer  tests  are  being  conducted  on  the  farm  of  W.  C  Kempster 
near  Coldwater.  This  soil  is  a  heavy  silt  loam  on  a  rather  heavy  clay 
subsoil.  Acid  phosphate  was  applied  at  the  rate  of  200  pounds  per 
acre.  The  increase  in  yield  of  oats  and  wheat,  the  first  two  crops  of 
the  rotation  is  as  follows :  Oats,  5.15  bushels  of  grain,  straw  788  pounds, 
and  wheat  10.15  bushels  of  grain  and  750  pounds  of  straw.  After  de- 
ducting the  cost  of  the  material  a  profit  of  |26.31  per  acre  remains. 
On  the  same  soil  an  application  of  2G6  pounds  per  acre  of  a  2-12-2  com- 
mercial fertilizer,  which  adds  the  same  amount  of  phosphoric  acid  per  acre 
as  tbe  acid  phosphate,  the  increase  in  grain  due  to  this  fertilizer  amounted 
to  12  bushels  of  oats,  C5C  pounds  of  straw,  4.93  bushels  of  wheat  and 
630  pounds  of  straw.  The  profits  above  tbe  cost  of  the  fertlizer  amounted 
to  $17.83  per  acre. 

Similar  work  is  being  carried  on  on  the  farm  of  Mr.  McCartn^  near 
Morrice.  The  soil  is  composed  of  a  typical  silt  loam  on  a  clay  subsoil 
which  has  been  farmed  for  a  long  period  of  years.  An  application  of 
acid  phosphate  at  the  rate  of  230  pounds  per  acre  resulted  in  an  increase 
of  8.68  bushels  of  wheat  per  acre  or  a  return  of  $12.35  per  acre  above 
the  cost  of  the  fertilizer.  On  this  same  field  250  pounds  of  acid  phos- 
phate and  sodium  nitrate  (100  pounds  per  acre)  gave  an  increase  of 
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FiauRi  13. — 250  pounds  ot  a  2-12-Z  Increased  the  v[eld  □(  wheat  1S,7  bushels  pet  acre.    W.  J. 
Guthrie's  Fonu,  Mendon. 

14.83  bushels  of  wheat  per  acre  or  a  return  of  f21.16  when  the  coat  of 
the  materials  is  deducted.  On  an  adjacent  plot  acid  phosphate,  sodium 
nitrate  and  muriate  of  potash  (100- pounds  per  acre)  were  applied.  They 
increased  the  yield  ot  wheat  10.18  bushels  over  an  adjacent  untreated 
part  of  the  field.    The  profits  amounted  to  |15.0C. 

Acid  phosphate  was  applied  at  the  rate  of  250  pounds  per  acre  to  a 
silt  loam  on  a  tight  subsoil  belonging  to  W.  J.  Guthrie  near  Mendon. 
The  increase  in  wheat  due  to  the  fertilizer  amounted  to  16.21  bushels 
per  acre.  The  value  of  the  increase  amouuted  to  |28.42  after  the  coat 
of  the  phosphate  was  deducted.  A  2-12-2  fertilizer  was  applied  to  an 
adjacent  plot  at  the  rate  of  250  pouuds  per  acre  and  resulted  in, an 
increase  of  16.73  bushels  of  wheat  per  acre  which  gave  a  return  of  {28.39 
above  the  cost  of  the  material. 

An  application  of  200  pouuds  per  acre  of  acid  phosphate  on  the  farm 
of  S.  Simpson  near  Viclisburg,  whose  soil  is  a  silt  loam  on  a  tight  sub- 
soil, gave  an  increase  in  yield  of  9.96  bushels  of  wheat,  the  profit  amonnt- 
ing  to  f  16.72  per  acre. 
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E  14. — Simpson  Futd.     Acid  phoephale  ai 


FERTILITY  REMOVAL  AND  FARM  PROFITS. 

It  is  highly  desirnble  for  a  farmer  to  know  what  it  coats  him  to  pro- 
duce his  various  crops.  This  cost  is  complicated  by  many  conditions 
one  of  which  is  the  removal  of  plaut-food  elements  from  the  soil.  The 
question  that  has  been  asked  us  is — "What  constitutes  a  reasonable 
charge  for  this  loss  of  fertility?"  In  replying  to  this  question  it  must 
be  borne  in  mind  that  few  if.any  soils  contain  the  various  plant  food 
elements  in  the  same  proportion  in  which  they  occur  in  crops.  That 
is  to  say  a  soil  may  contain  a  sutlicicut  amount  of  one  flement  to  pro- 
duce several  hundred  or  possibly  a  thousand  maximum  crops.  An 
addition  of  this  element  may  not  mariiedly  increase  the  yield  and  its 
use  except  in  small  amounts  to  increase  the  readily  available  supply 
may  not  be  good  agricultural  practice.  It  does  not  appear  to  be  logical 
to  take  into  account  the  removal  of  elements  which  are  present  in  abund- 
ance, and  which  when  applied  do  not  increase  the  yield.  Later  if  the 
supply  of  such  becomes  so  depleted  that  their  application  to  the  soil 
increases  the  yield  it  will  then  be  proper  to  add  their  cost  to  the  other 
items.  On  the  other  hand  there  may  be  so  little  of  a  certain  element 
or  elements  that  an  application  of  it  or  them  to  the  soil  in  the  form  of 
commercial  fertilizers  materially  increases  the  yield.  It  is  good  busi- 
uesa  practice  to  supply  the  deficient  element  or  elements  if  it  can  be" 
done  profitably. 

Potash  is  present  in  relative  abundance  in  most  of  our  soils.  Many 
muck  and  peat  deposits  are  so  deficient  in  it  that  they  soon  require  its 
addition  In  some  form  in  order  to  produce  satisfactory  yields  as  well 
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aa  fioitable  qaality  of  crops.  If  it  is  necessary  to  apply  this  material  to 
the  mineral  soila  to  increase  the  available  supply  the  amount  required 
should  be  considered  in  estimating  the  returns  from  the  land. 

Chemical  analyses  and  field  experiments  have  shown  that  most  Michi- 
gan soils  are  deficient  in  and  respond  to  applications  of  phosphoric 
acid.  The  cost  of  such  applications  therefore  may  reasonably  be  in- 
cluded in  calculating  the  returns.  This  may  be  simplified  by  charging 
the  cost  of  a  40fr-pound  application  of  16%  acid  phosphate  per  acre 
every  four  years.  This  amount  is  sutQcient  to  produce  approximately 
25  bushels  of  wheat,  40  bushels  of  com,  SO  bushels  of  oats  and  2  tons 
of  clover  not  including  the  straw  and  stover.  The  majority  of  our  soils 
also  need  approximately  two  tons  of  ground  limestone  every  six  years 
and  the  cost  of  this  should  be  spread  over  the  various  crops  as  shown 
later. 

Nitrogen  is  present  in  such  quantities  that  the  supply  must  be  main- 
tained and  iu  many  soils  increased  in  order  to  give  the  most  economical 
yields.  The  farmer  is  warranted  therefore  in  adding  the  cost  of  replac- 
ing this  nitrogen  by  means  of  legumes  to  the  price  of  his  products.  If 
conditions  are  such  however  that  nitrogen  must  be  applied  in  the  com- 
mercial form  the  cost  of  adding  this  to  the  soil  should  be  included. 

This  raises  the  question  of  the  cost  of  production  of  a  pound  of  nitro- 
gen on  the  farm.  The  cost  of  production  of  a  pound  of  nitrogen  by 
means  of  leguminous  crops  in  a  rotation  is  difficult  to  determine.  It 
ithould  be  conceded  that  much  of  the  benefits  derived  from  the  use  of 
lime  is  due  to  its  effect  on  the  l^umes  such  as  clovers  and  alfalfa.  It 
seems  fair  to  charge  two-thirds  the  cost  of  the  lime  to  .these  crops  and 
also  the  phosphate  that  should  be  added  to  the  soil  for  their  benefit 
If  two  tons  of  lime  are  applied  per  acre  and  endure  six  years  and  a  four- 
year  rotation  is  followed  and  two  seedings  of  clover,  vetch  or  soy  beans 
are  obtained  and  one  hundred  pounds  of  acid  phosphate  are  added  to 
each  seeding  the  cost  of  nitrogen  runs  from  five  to  eight  cents  a  pound. 
If  no  lime  is  added  to  the  land  naturally  the  cost  is  less  or  from  two  to 
four  cents.  Alfalfa  is  the  cheapest  source  of  nitrogen.  On  the  same 
basis  as  in  the  first  case  above,  nitrogen  niay  be  produced  for  less  than 
one-half  what  it  costs  when  obtained  by  means  of  other  legumes.  If  the 
crop  stands  four  years  instead  of  six  the  cost  is  slightly  higher. 
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APPENDIX. 

The  balance  of  plant-food  elements  on  farms  differently  managed  has 
been  worked  out  in  detail  but  owing  to  the  siste  and  complexity  of  the 
tables  it  seemed  advisable  to  submit  tbem  as  an  appendix  ratber  tban 
earlier  in  the  publication. 

In  making  these  calculations  information  gained  by  Dr.  H.  O.  Armsby 
in  his  digestion  experiments  was  made  use  of.  For  the  composition  of 
the  various  farm  crops  the  tables  publishe4l  by  Dr.  L.  Van  Slyke  and 
Dr.  C.  O.  Hopkins  were  utilized.  Information  concerning  the  number 
of  stock  found  on  the  types  of  farms  considered  and  the  amounts  of 
feed  of  various  kinds  consumed  was  obtained  from  members  of  the 
Animal  Husbandry  and  Dairy  Sections.  We  desire  to  express  our  ap- 
preciation of  this  co-operation. 
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100  ACHE  OHAIN  FARM,  CARRYINQ 


Plant-lood  elements  In  produce. 

CoDsumed  by  stock. 

Crops  prod  need. 

pounds. ' 

pounds. 

Potash. 

pounds. 

Produoe 

"^S: 

Phos- 

3 

SS'.: 

Hay,  10A-20T 

•800.0 

201.5 

720.0 

12.5  T    .. 

600 

125. OS 

4«>,0 

"is'SiV.:;:: 

Si 

!l!:ll 

Si 

rr'";::: 

JJ:5' 

ISJ! 

^■h 

°S:W"--.;::: 

Si 

318.81 
120.83 

Si 

S.'Si: 

lled.5.5T 

'Sf 

■!S:!J 

1!::5° 

Total   consumed   by 

1.058,08 

343,72 

Wbeal.  25  acrea: 

3io:o 

320,00 

jsrs 

B^M.  15  jcree: 

Si 

rAi 

lU-S 

Potatoes.  5  acres: 

210,0 

80,0 

300.0 

672,7 

100.32 

477.25 

572.7 

160.32 

Total  removed  from 

4.04B.fi 

1.827.53 

4,325.13 

•Taken  from  tbe  air. 
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3  COWS.  M  HOOS,  5  HORSES. 


Sold  from  latm. 

».,.„«  ,0»,L 

Produce. 

Nitrogen, 

pounds. 

»- 

Produce. 

Nitron. 

'3£" 

Kft. 

300.00 

75.55 

2J0.0 

515.04 

203.38 

.>!.! 

IS.IT.,. 

302.0 

U2.21 

375.58' 

■i1:85 

im" 

70.4     1         22.17 

7S0.0 

fii. 

37i:o 

720. 0 

2....7 

23.2. 

12  T 

312 

7l.4fl 

210.0 

eo.o 

JOO.O 

Tow 

3.430.32 

1.237.05 

2.018. M 

Tolil.... 

GS4.4 

„»,« 

1.014-90 
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GENERAL  FARM,  CARRYINQ  6  COWS, 


Phut-rood  eteiii«nt«  In  produce. 

Coanuned  b7  stock. 

Ctopa  produced. 

Nitrogen, 
pounds. 

pounds. 

Potash, 
pounds. 

Produce. 

Nitrogen, 
pounds. 

Polish, 
pounds. 

Hsy,lO>cr«».MT..., 

»800.0 

201.5 

720.0 

17  T 

6SD.0 

171.28 

<12.0 

''SSV;;::: 

SSi 

lloifiS 

Si 

n\r:: 

Sf 

■»ii'; 

.!i:J! 

"HTS:::;:: 

Si 

239  11 

90.70 

Si 

Siv 

i&i 

212. G4 
32.24 

ISO : 68 

^"^~r.-^..''. 

1.780.74 

590.23 

BMley   lOicrei; 

285,0 

•lit, 

=?5:S 

Wbeu.  IS  kcrea: 

)iS:8 

'SS 

00.0 

1 

BeuiB,  IS  &cn»: 

7eo.o 

r,s 

234. 2S 

'°.'»u-'~l.... 

210.0 

90.0 

300.0 

8S9.05 

240. IS 

715.88 

8Ge.0G 

240. 4S 

4,93T.4S 

1,900.17 

4.434.10 
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It  HOOa.  4  CATTLE,  5  HOR8E8. 


Sold  trom  turn. 

Returned  to  BOB. 

Produce. 

■SSK' 

pounds. 

PotMh. 

pounds. 

Produce. 

Nitrogen, 

'3"° 

Polub. 

130.0 

30-22 

200.M 

114.70 

08. se 

136.0 

41.62 

64.0 

26.58 

26.20 

19-2 

8T 

102.4 

32.24 

340  bu 

ZM.fl 

'iS:S, 

242:0 

460.0 

102. 0 

222:6 

720.0 

219.87 

234.28 

i2  T 

312.0 

71.46 

210.0 

00.0 

300.0 

TOUI 

=,.4..2e 

024,20 

1.628.78 

Total. . 

™< 

145.22 

846,83 

cb,  Google 
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DAIRY  FARM,  » 


Plont-Iood  etemeals  la  produce. 

CoDsumed  b;  stock. 

Crops  produced. 

"SE' 

poundfl. 

Potash, 

pounds. 

Produce. 

■Sffi- 

Pboa- 

PolMh. 
pounds. 

Hay.  lOA-MT 

*8M.O 

201. S 

720.0 

20  T 

800.0 

201.6 

720.0 

"H.'K";::::: 

£J:? 

•ss 

At 

?»;:: 

'St 

Hi 

,tS:S 

"■s^.rss^i 

680.0 

220.00 

880.0 

100  T.... 

680,0 

220.0 

880.0 

Grain,  1,200  hu 

8lraw,30T 

St 

laoioi 

230.4 

748.8 

BSiX 

'Si 

26: 1 

182:24 

Barley,  10  urei: 

^^■S-JIV,"::::: 

Si 

'US 

At 

340  bu... 

285.6 

124.67 

81.6 

^^SSin?2SS?J 

MOO 

20S.0 

'8:S 

ia:!S 

PutcbMBd  bna: 

7.5T.... 

397.6 

438.74 

3,140.3 

1.370.82 

l,7IS.l 

480.0 

1.431.76 

ToUl  removed  from 

5.206.9 

1.033.19 

6,218-71 
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HORSES,  10  CATTtE,  20  HOQS. 


Sold  freoi  [arm. 

Returned  to  loll. 

Produce. 

"SS' 

pounds. 

Potash, 
pounds. 

P„.. 

"p^X- 

37 

sa. 

139.2 

G4.96 

33.0 

00.0 

78:8 

108,25 

76,8 

17. 5T.,. 

22*. 0 

70.62 

132.6 

ii.ns 

242.6 

4S0.0 

146.56 

156.10 

8T 208.0 

47.63 

1 

,.«.. 

375.53 

657.75 

,.».„ 

cb,  Google 
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PLANT  FOOD  BALANCE  ON  A   10»-ACRE  QENERAL  FARM  QROWINO  2S  i 


Consumed  by  stock. 

Crops  produced. 

Nitrogen, 

"ir 

Potash, 

Roduce. 

Nltronn. 

acid, 
pounds. 

Polaab, 
pounds. 

CloTBihay,  25A-50T. 

.2.000,0 

50S.75 

1.800.00 

17T 

680.00 

171,28 

612.00 

Corn.  10  acres: 

Qrafn,  400  bu 

Stover,  12.33  T 

371 

5 

'!S 

el 

33e 

8S 

2H7bu.., 

266.34 

105.17 

63.14 
308.94 

°^-Wh 

2sa 

0 

230 
90 

70 

581 

60 

800  bu... 
Fed.BT. 

512.00 

212.54 

153.60 
190.68 

'"o'ai,".£K^ 

2l3 

% 

217 

05 

252 

s§ 

'WK'"^' 

12S 

0 

57 

00 

180 

00 

f& 

0 

■^ 

f^ 

lOO 

ss 

^^G%^^^^^^ 

fS! 

48 

f. 

5S 

■s? 

02 

859 

05 

240 

48 

715 

88 

8S9.05 

240.48 

Tolal 

3,998 

73 

1.901 

63 

4.700 

26 

2.641.61 

829.22     2,053.24 
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07  CLOVER  AND  CARRYING  e  COWS.  4  CATTLE,  U  HOOS  AND  5  HORSES. 


Sold  rrom  farm. 

Retjmed  to  tmn. 

Produce. 

NltroKen, 

pounds. 

pounds! 

Produce. 

■i^'SX' 

"s: 

MS: 

1.320.00 

332.47 

I.ISS.OO 

i04.se 

41.41 

24.86 

1.03 

20.22 

6.16 

64.00 

26.50 

10.20 
162.24 

8T 

102.40 

32.24 

510.00 
210.80 

217.60 
64,05 

lf.T. 

. 

120.00 

57.00 

180.00 

. 

336.00 

102.60 

100.31 

;5!:g 

S:S 

65.02 
193,60 

3,088... 

1.001.01 

2.296.54 

268.22 

70.71 

cb,  Google 
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PLANT  FOOD  BALANCE  ON  A  100-ACRE  SANDY  FARM  WITH  A  SHORT  ROTATION, 


Plant-food  elementa  In  produce. 

Consumed  by  Woclt. 

Crops  produced. 

"SS- 

3"° 

Potash. 

Produce. 

Nitrogen, 

pounds. 

Potaih, 

pounds. 

Clover  !ia7,26A-3T.6.T 

•i.SOO.OO 

377.81 

1,350.00 

20.6  T    .. 

820,00 

206.63 

738.00 

^fi'r^^feo'gT';.... 

100.80 
BO. 00 

54.80 

30,00 

00 

"SWft;;::: 

361.92 

142.91 

95 
326 

80 

ffi'-?;.: 

381.92 

142.01 

86.80 

"S.m 

189.00 
SO. 00 

82.40 

64 

00 

225  bu... 

180.00 

82. 4S 

54.00 

"Sn'ire 

180,00 

M.flO 

58 

50 

Straw.Stona 

3f 

78.00 

17.88 

114.00 

"'olS.'Joo'bu 

382.00 
200.00 

lEg:SS 

134 

00 

'",'M"™" 

94.S0 

40.50 

135.00 

859.05 

240.48 

715.88 

859.05 

240.48 

260  bu... 

160,00 

66.40 

Totri 

2,049.27 

1,468.88 

3.626.90 



S. 701, ST 

828,08 

S.08a.S4 

*Taken  trora  the  air. 
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iNCLDDINQ  26  ACRES  OF  CLOVER  AND  CARRYING  C   C0W8,  «   CATTLE,   14   HOGB 


Sold  from  farm. 

Relumed  to  solL 

Produce. 

Nltrogoi, 

pountfa. 

Potash, 

poundB. 

Produce. 

Nitn«en, 

[M>UDdB. 

PI.oj^oHc 

pounA. 

PMMh, 
pouDda. 

171.27 
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IMPORTANT  NOTICE 

During  the  last  regular  session  of  tho  legislature  the  bill  (Act  13,  P.  A. 
1921)  creating  the  Department  of  Agriculture  was  passed.  By  the  pro- 
viaiona  of  this  bill  the  inspection  of  commercial  feetiing  stuffs,  will  after 
July  1st,  192],  be  conducted  under  the  direction  of  the  Department  of  Agri- 
culture. All  communications  in  regard  to  the  licensing  or  inspection  and 
analysis  of  commercial  feeding  stuffs  should  after  the  above  mentioned  dat*, 
be  directed  to  the  Commissioner  of  Agriculture,  Lansing,  Michigan. 
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COMMERCIAL  FEEDING  STUFF8 


R^ular  Bulletin  No.  292 


BY  ANDBEW  J.  PATTEN,  O.  B.  WINTER,  U.  L.  G  RETT  EN  BERG  ER,  P.  o'mBARA 
CHEMICAL   SECTION 

This  bulletin  contains  the  results  of  the  inspection  of  commercial  feeding 
stuffs  during  the  period  from  September  1920  to  June  1921.  During  this 
time  529  samples  were  collected  and  analyzed.  This  is,  by  far,  the  smallest 
number  of  samples  that  have  ever  been  collected  during  a  similar  period, 
since  the  inspection  has  been  carried  on  by  the  Chemical  Section  of  the 
Michigan  Agricultural  Experiment  Station  under  the  supervision  of  the 
State  Board  of  Agriculture.  The  unusual  economic  conditions  that  prevailed 
during  the  past  nine  months  caused  a  tremendous  falling  off  in  the  com- 
mercial feed  business.  The  movement  of  mixed  feeds,  during  the  winter 
months  especially,  was  extremely  light.  On  the  other  band,  the  sharp  de- 
cline in  the  price  of  cottonseed  meal,  that  occurred  in  the  early  winter  stim- 
ulated its  demand  and  the  movement  of  this  concentrate  was  greater  than 
ever  before.  Furthermore,  the  quality  of  the  cottonseed  meal  shipped  into 
the  State  during  the  past  winter  was  far  superior  to  that  of  former  years, 
the  great  bulk  of  the  shipments  being  43%  protein  meal. 

The  inspection  of  commercial  feeding  stuffs  has  been  conducted  by  the 
chemical  section  of  the  Experiment  Station  since  January  1916.  The  effect 
of  this  inpsection  upon  the  quality  of  the  feeds  sold  in  the  State  is  clearly 
demonstrated  in  the  following  table,  which  shows  the  percentage  of  samples 
not  equal  to  guarantee  for  both  years. 

Year  ending  July  1  1916  1921 

Deficient  in  protein 150%  5.8% 

Deficient  in  crude  fat 11.5  2.8 

Excess  of  crude  fiber 9.9  2.4 

More  striking  still  is  the  comparison  of  the  inspection  results  covering 
cottonseed  meal  for  the  same  years  as  shown  in  the  following  table: 

Year  ending  July  1  1916  1921 

Deficient  in  protein 51.0%  4.7% 

Deficient  in  crude  fat 6.2  1.0 

Excess  of  crude  fiber 39.6  2.3 
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COOPERATION  WITH  U.  B.  DEPT.  OF  AGRICULTUKE 

Through  a  cooperative  arrangement  with  U.  S.  Department  of  Agricul- 
ture, all  interstate  shipments  of  commercial  feeding  stuffs  found  to  be  below 
guarantee  or  that  any  other  respect  have  been  shipped  in  violation  of  the 
provisions  of  the  Federal  Food  and  Drug  act  are  referred  to  the  U.  S.  Food 
and  Drug  Inspection  Station,  Central  District,  Chicago,  111.  During  the 
past  year  sixteen  samples  have  been  disposed  of  in  this  way.  In  fifteen  of 
the  cases  citations  have  been  issued  and  the  other  case  is  still  under  investi- . 
gation. 

DEFINITIONS  OF  FEEDINQ  STUFFS 

It  is  important  that  farmers  l^ccome  familiar  with  the  names  and  descrip- 
tions of  commercial  feeding  stuEfs,  as  these  are  used  by  feed  manufacturers 
in  listing  the  ingredients  of  mixed  feeds.  The  definitions  as  amended  and 
adopted  by  the  Association  of  Feed  Control  Officials  of  the  United  States 
at  its  last  meetmg  are  as  follows; 

Meal  is  the  clean,  sound,  ground  product  of  the  entire  grain,  cereal  or  seed 
which  it  purports  to  represent. 

Chop  is  a  ground  or  chopped  feed  composed  of  one  or  more  different  cereals 
or  by-products  thereof.  If  it  bears  a  name  descriptive  of  the  kind  of  cereals,  it 
must  be  made  exclusively  of  the  entire  grains  of  those  cereak. 

Alfalfa  meal  is  the  entire  alfalfa  hay  ground,  and  does  not  contam  an  ad- 
mixture of  ground  alfalfa  straw  or  other  foreign  materials. 

ANIMAL  PRODUCTS. 

Blood  Meal  is  ground  dried  blood. 

Cracklings  are  the  residue  after  partially  extracting  the  fats  and  oils  from 
the  animal  tissues.  If  they  bear  a  name  descriptive  of  their  kind,  composi- 
tion or  origin,  they  must  correspond  thereto. 

Digester  Tankage  is  the  residue  from  animal  tissues,  exclusive  of  hoof  and 
horn,  specially  prepared  for  feeding  purposes  by  tanking  under  live  steam, 
drying  under  high  heat,  and  suitable  grinding.  If  it  contains  more  than  10 
per  cent  of  phosphoric  acid  (PiOj)  it  must  be  designated  Digester  Meat  and 
Bone  Tankage. 

Meat  Scrap  and  Meat  Meal  are  the  ground  residues  from  animal  tissues 
exclusive  of  hoof  and  horn.  If  they  contain  more  than  10  per  cent  of  phos- 
phoric acid  (PiOt)  they  must  be  designated  Aleal  and  Bone  Scrap  and  Meal 
and  Bone  Meal.  If  they  bear  a  name  descriptive  of  their  kind,  composition  or 
origin,  they  must  correspond  thereto. 

BARLEY  PHODUCTS. 

Barky  Hulls  are  the  outer  chaffy  coverings  of  the  barley  grain. 

Barley  Feed  is  the  entire  by-product  resulting  from  the  manufacture  of 


pearl  barley  from  clean  barley. 
Barley  Mixed  Feed  is  the  enl 
clean  barley  and  is  composed  of  barley  hulls  and  barley  middlings. 


Barley  Mixed  Feed  is  the  entire  offal  from  the  milling  of  barley  flour  iron^L, 
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brewers'  and  distillers'  products. 

Brewers'  Dried  Grains  are  the  properly  dried  residue  from  cereals  obtained 
in  the  manufacture  of  beer. 

Distillers'  Dried  Grains  arc  the  dried  residue  from  cereals  obtained  in  the 
manufacture  of  alcohol  and  distilled  liquors.  The  product  shall  bear  tlie 
designation  indicating  the  cereal  predominating. 

Distillers'  Com  Solvhks,  a  by-product  from  the  manufacture  of  alcohol 
from  com,  is  a  mash  liquor  concentrated  after  the  removal  of  the  alcohol  and 
wet  grains.^ 

Distillers'  Com  and  Rye  Soliibles,  a  by-product  from  the  manufacture  of 
alcohol  from  com  and  rye,  is  a  mash  liquor  concentrated  after  the  removal  of 
the  alcohol  and  wet  grains. 

Distillers'  Rye  Solubles,  a  by-product  from  the  manufacture  of  alcohol  from 
rye,  is  a  mash  liquor  concentrated  after  the  removal  of  the  alcohol  and  wet 
grains. 

MaU  Sprouis  are  the  sprouts  of  the  barley  grain.  If  the  sprouts  are  derived 
from  any  other  malted  cereal,  the  source  must  be  designated. 

BUCKWHEAT  PRODUCTS. 

Buckwheai  Shorts  or  Buckwheat  Middlijigs  are  that  portion  of  the  buckwheat 
grain  immediately  inside  of  the  hull  after  separation  from  the  flour, 

CORN  PRODUCTS. 

Com  Bran  is  the  outer  coating  of  the  corn  kernal. 

Com  Feed  Meal  is  the  by-product  obtained  in  the  manufacture  of  cracked 
com,  with  or  without  aspiration  products  added  to  the  siftings,  and  is  also 
the  by-product  obtained  in  the  manufacture  of  table  meal  from  the  whole 
grain  by  the  non-degerminating  process. 

Corn  Germ  Meal  is  a  product  in  the  manufacture  of  starch,  giucosc_and 
other  corn  products,  and  is  the  germ  layer  from  which  part  of  the  com  oil 
has  been  extracted. 

Grits  are  the  hard,  flinty  portions  of  Indian  com,  without  hulls  and  germs. 

Com  Gluten  Meal  is  that  part  of  commercial  shelled  corn  that  remains  after 
the  separation  of  the  larger  part  of  the  starch,  the  germ  and  the  bran,  by 
the  processes  employed  in  the  manufacture  of  cornstarch  and  glucose.  It 
may  or  may  not  contain  com  solubles. 

Corn  Gluten  Feed  is  that  portion  of  commercial  shelled  corn  that  remains 
after  the  separation  of  the  larger  part  of  the  starch  and  the  germs  by  the 
processes  employed  in  the  manufacture  of  cornstarch  and  glucose.  It  may 
or  may  not  contain  com  solubles. 

Hominy  Feed,  Hominy  Meal  or  Hominy  Chop  is  the  kiln  dried  mixture  of 
the  mill  run  bran  coating,  the  mill  run  germ,  with  or  without  a  partial  ex- 
traction of  the  oil  and  a  part  of  the  starchy  portion  of  the  white  com  kernel 
obtained  in  the  manufacture  of  hominy,  hominy  grits  and  corn  meal  by  the 
^egerminating  process. 
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Yellow  Hominy  Feed,  Yellow  Hominy  Meal  or  Yellow  Hominy  Chop  is  a 
kiln  dried  mixture  of  the  mill  rim  bran  coatiiig,  the  mill  run  germ,  with  or 
without  a  partial  extraction  of  the  oii  and  a  part  of  the  starchy  portion  of 
the  yellow  com  kernel  obtained  in  the  manufature  of  yellow  hominy  grits  and 
yellow  com  meal  by  the  degerminating  process. 


Oil  Cake  is  the  residual  cake  obtained  after  extraction  of  part  of  the  oil 
by  crushing,  cooking  aud  hydraulic  pressure  from  seeds  screened  and  cleaned 
of  weed  seeds  and  other  foreign  materials  by  the  most  improved  commercial 
processes.  When  used  alone  the  term  "oil  cake"  shall  be  understood  to 
designate  the  product  obtained  from  partially  extracted,  screened  and  cleaned 
flaxseed.  When  used  to  cover  any  other  product,  the  name  of  the  seed  from 
which  it  is  obtained  shall  be  prefixed  to  '  'oil  cake.' ' 

Ground  Oil  Cake  is  the  product  obtained  by  grinding  oil  cake.  When  used 
alone,  the  term  "ground  oil  cake"  shall  be  understood  to  designate  the 
product  obtained  from  partially  extracted,  screened  and  cleaned  flaxseed. 
When  used  to  cover  any  other  product  the  name  of  the  seed  from  which  it  is 
obtained  shall  be  prefixed  to  '  'ground  oil  cake.' ' 

COTTONSEED  PHO DUCTS. 

Cottonseed  Meal  is  a  product  of  the  cottonseed  only,  composed  principally 
of  the  kernel  with  such  portion  of  the  hull  as  ia  necessary  in  the  manufacture 
of  oil;  proTided  that  nothing  shall  be  recognized  as  cottonseed  meal  that  docs 
not  conform  to  the  foregoing  definition  and  that  does  not  contain  at  least  36 
per  cent  of  protein. 

Choice  Cottonseed  Meal  must  be  finely  ground,  not  necessarily  bolted,  per- 
fectly sound  and  sweet  in  odor,  yellow,  free  from  excess  of  lint,  and  must 
contain  at  least  41  per  cent  of  protein. 

Prim^  Cottonseed  Meal  must  be  finely  ground,  not  necessarily  bolted,  of 
sweet  odor,  reasonably  bright  in  color,  yellow,  not  brown  or  reddish,  free 
from  excess  of  lint,  and  must  contain  at  least  38.6  per  cent  of  protein. 

Good  Cottonseed  Meal  must  be  finely  ground,  not  necessarily  bolted,  of 
sweet  odor,  reasonably  bright  in  color,  and  must  contain  at  least  36  per  cent 
of  protein. 

Cottonseed  Feed  is  a  mixture  of  cottonsee<l  meal  and  cottonseed  hulls,  con- 
tainii^  less  than  36  per  cent  of  protein. 

Cold  Pressed  Cottonseed  is  the  product  resulting  from  subjecting  the  whole 
unde corticated  cottonseed  to  the  cold  pressure  process  for  the  extraction  of 
oil,  and  includes  the  entire  cottonseed  less  the  oil  extracted. 

Ground  Cold  Pressed  Cottonseed  is  the  ground  product  resulting  from  sub- 
jecting the  whole  undecorticated  cottonseed  to  the  cold  pressure  process  for 
the  extraction  of  oil,  and  includes  the  entire  ground  cottonseed  less  the  oil 
extracted. 

LINSEED  AND  FLAX  PRODt'CTS. 

Linseed  Meal  is  the  ground  product  obtained  after  extraction  of  part  of  the 
oil  from  ground  flaxseed  screened  and  cleaned  of  weed  seeds  and  other  forei|ni 
materials  by  the  most  improved  commercial  processes,  prgvided  th^t  the 
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final  product  shall  not  contain  over  six  per  cent  of  weed  seeds  and  other  for- 
eign materials  and  provided  further  that  no  portion  of  the  stated  six  per 
■  cent  of  weed  seeds  and  other  foreign  materials  shall  be  deliberately  added, 

Oil  Meal  is  the  ground  product  obtained  after  the  extraction  of  part  of  the 
oil  by  crushing,  cooking  and  hydraulic  pressure,  or  by  crushing,  heating  and 
the  use  of  solvents  from  seeds  which  have  been  screened  and  cleaned  of  weed 
seeds  and  other  foreign  materials  by  the  most  improved  commercial  processes. 
When  used  alone  the  term  "CSl  Meal"  shall  be  understood  to  designate  lin- 
seed meal  aa  defined.  When  used  to  cover  any  other  product  the  name  of  the 
seed  from  which  it  is  obtained  shall  be  prefixed  to  the  words  '  'oil  meal.' ' 

Old  Process  Oil  Meal  is  the  ground  product  obtained  after  extraction  of 
part  of  the  oil  by  crushing,  cooking  and  hydraulic  pressure  from  seeds  screen- 
ed and  cleaned  of  weed  seeds  and  other  foreign  materials  by  the  most  improved 
commercial  processes.  When  used  alone  the  term  '  'Old  Process  Oil  Meal' ' 
shall  be  understood  to  designate  linseed  meal  as  defined,  made  by  the  old 
process.  When  used  to  cover  any  other  product  the  name  of  the  seed  from 
which  it  is  obtained  shall  prefixed  to  '  'old  process  oil  meal.' ' 

New  Process  Oil  Meal  is  the  ground  product  obtained  after  extraction  of 
part  of  the  oil  by  crushing,  heating  and  the  use  of  solvents  from  seeds  screened 
and  cleaned  of  weed  seeds  and  other  foreign  materials  by  the  most  improved 
commercial  processes.  When  used  alone  the  term  "New  Process  Oil  Meal" 
shall  be  understood  to  designate  linseed  meal  as  defined,  made  by  the  new 
process.  When  used  to  cover  any  other  product  the  name  of  the  seed  from 
which  it  is  obtained  shall  be  prefixed  to  '  'new  process  oil  meal.' ' 

Flax  Plant  By-Product  is  that  portion  of  the  flax  plant  remaining  after  the 
separation  of  the  seed,  the  bast  fiber  and  a  portion  of  the  shivcs,  and  consists 
of  flax  shives,  flax  pods,  broken  and  immature  flax  seeds,  and  the  cortical  tis- 
sues of  the  stem. 

Ground  Flaxseed  or  Flaxseed  Meal  is  the  product  obtained  by  grinding  flax- 
seed which  has  been  screened  and  cleaned  of  weed  seeds  and  other  foreign 
materials  by  the  most  improved  commercial  processes,  provided  that  the 
final  product  shall  not  contain  over  four  per  cent  of  weed  seeds  and  other 
foreign  materials,  and  provided  further  that  no  portion  of  the  stated  four  per 
cent  of  weed  seeds  and  other  foreign  materials  shall  be  deliberately  added. 

Unscreened  Flaxseed  Oil  Feed  is  the  ground  product  obtained  after  extrac- 
tion of  part  of  the  oil  from  unscreened  flaxseed  by  crushing,  cooking  and  hy- 
draulic pressure,  or  by  crushing,  heating  and  the  use  of  solvents.  When  sold 
without  grinding  the  unground  product  shall  be  designated  as  "unscreened 
flaxseed  oil  feed  cake." 

Ingredients  of  Unscreened  Flaxseed  Oil  Feed — Ground  cake  from  partially 
extracted  flaxseed  and  foreign  seeds  {wheat,  wild  buckwheat,  pigeon  grass, 
wild  mustard,  etc.) 

Screenings  Oil  Feed  is  the  ground  product  obtained  after  extraction  of  part 
of  the  oil  by  crushing,  cooking  and  hydraulic  pressure,  or  by  crushing,  heating 
and  the  use  of  solvents  from  the  smaller  imperfect  grains,  weed  seeds  and  other 
foreign  materials,  having  feeding  value,  separated  in  cleaning  the  grain.  The 
name  of  the  grain  from  which  the  screenings  arc  separated  shaU  be  prefixed 
to  "screenings  oil  feed."  ,'-•  i 
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OAT  PBODDCTS. 

0(U  Groaia  are  the  kernels  of  the  oat  berry. 

Oai  Hvlls  are  the  outer  chaffy  coverings  of  the  oat  grain. 

Oat  Middlings  are  the  floury  portions  of  the  oat  groat  obtained  in  the  mill- 
ing of  rolled  oats. 

Oai  Shorts  are  the  covering  of  the  oat  grain  lying  immediately  inside  the 
hull,  being  a  fuzzy  material  carrying  with  it  considerable  portions  of  the  fine 
floury  part  of  the  groat  obtained  in  the  milling  of  rolled  oats. 

Clipped  Oai  By-Produd  is  the  resultant  by-product  obtained  in  the  manu- 
facture of  clipped  oata.  It  may  contain  light  chaffy  material  broken  from 
the  ends  of  the  hulls,  empty  hulls,  light,  immature  oats  and  dust.  It  must 
not  contain  an  excessive  amount  of  oat  hulls. 

PEANUT  PRODUCTS. 

Peanvi  Oil  Cake  is  the  residue  after  the  extraction  of  part  of  the  oil  by 
pressure  or  solvents  from  peanut  kernels. 

Peanut  Oil  Meal  is  the  ground  residue  after  the  extraction  of  part-  of  the  oil 
from  peanut  kernels. 

Unhulled  Peanut  Oil  Feed  is  the  ground  residue  obtained  after  extraction 
of  part  of  the  oil  from  whole  i>eanuts  and  the  ingredients  shall  be  designated 
as  Peamd  Meal  and  Hulls. 

BICE  PRODUCTS. 

Rice  Bran  ia  the  cuticle  beneath  the  hull. 

Rice  Hulls  are  the  outer  chaffy  coverings  of  the  rice  grain. 

Rice  Polish  is  the  finely  powdered  material  obtained  in  polishing  the  kernel. 

HYE  PHODUCTS. 

Rye  Middlings  or  Rye  Feed  consists  of  the  products  other  than  the  flour 
obtained  in  the  manufacture  of  the  ordinary  or  "100%"  rye  flour  from  the 
rye  grain  which  has  been  cleaned  and  scoured. 

Rye  Red  Dog  Flour  consists  of  a  mixture  of  low-grade  flour,  fine  particles 
of  bran  and  the  fibrous  offal  from  the  '  'tail  of  the  mill.' ' 

VELVET  BEAN  PRODUCTS. 

Velvet  Bean  Meal  is  ground  velvet  beans  containing  only  an  unavoidable 
trace  of  hulls  or  pods. 

Ground  Velvet  Bean  and  Pod  is  the  product  derived  by  grinding  velvet  beans 
'  'in  the  pod.' '     It  contains  no  additional  pods  or  other  materials. 

WHEAT  PRODUCTS. 

Wheat  Bran  is  the  coarse  outer  coating  of  the  wheat  kernel  as  separated 
from  cleaned  and  scoured  wheat  in  the  usual  process  of  commercial  milling. 

Standard  Middlings  (Red  Shorts  or  Brcwn  Shorts)  consists  mostly  of  the 
fine  particles  of  bran,  germ  and  very  little  of  the  fibrous  offal  obtained  from 
the  '  'tail  of  the  mill.' '  This  product  must  be  obtained  in  the  usual  commer- 
cial process  of  milling. 
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Gray  Shorts  (Gray  Middlings  or  Total  Shorts)  consists  of  the  fine  particles 
of  the  outer  bran,  the  inner  or  "bee-wing"  bran,  the  germ,  and  the  offal  or 
fibrous  material  obtwned  from  the  "tail  of  the  mill."  This  product  must  be 
obtained  in  the  usual  process  of  commercial  milling. 

Flour  Middlings  shall  consist  of  standard  middlings  and  red  dog  flour  com- 
bine in  the  proportions  obtained  in  the  usual  process  of  milling. 

White  Shorts  or  White  Middlings  consists  of  a  small  portion  of  the  fine  bran 
particles  and  the  germ  and  a  large  portion  of  the  fibrous  offal  obtained  from 
the  '  'tail  of  the  mill.' '  This  product  must  be  obtained  in  the  usual  process  of 
flour  milling. 

Red  Dog  Flour  consists  of  a  mixture  of  low^ade  flour,  fine  particles  of 
bran  and  the  fibrous  offal  from  the  "tail  of  the  mill." 

Wheat  Mixed  Feed  (Mill  Run  Wheat  Feed)  consists  of  pure  wheat  bran 
and  the  gray  or  total  shorts  or  'fiour  middlings  combined  in  the  proportions 
obtained  in  the  usual  process  of  commercial  milling. 

Wheat  Bran  and  Standard  Middlings  consists  of  the  two  commodities  as 
defined  above  mixed  in  the  proportions  obtained  in  the  usual  process  of  com- 
mercial milling. 

Screenings  consists  of  the  smaller  imi)erfect  grains,  weed  seeds  and  other 
foreign  materials,  having  feeding  value,  separated  in  cleaning  the  grain. 

Scourings  consists  of  such  portions  of  the  cuticle,  brush,  white  caps,  dust, 
smut,  and  other  materials  as  are  separated  from  the  grain  in  the  usual  com- 
mercial process  of  scouring. 

{Note)  If  to  any  of  the  wheat  or  rye  by-product  feeds  there  should  be  added 
screenings  or  scourings,  as  above  defined,  either  ground  or  unground,  bolted 
or  unbolted,  such  brand  shall  be  so  registered,  labeled  and  sold  as  clearly  to 
indicate  this  fact.  The  word  "Screenings"  or  "Scourings"  as  the  case  may 
be,  shall  appear  as  a  part  of  the  name  or  brand  and  shall  be  printed  in  the 
same  size  and  face  of  type  as  the  remainder  of  the  brand  name.  When  the 
word  '  'Screenings' '  appears  it  is  not  necessary  to  show  also  on  the  labeling 
the  word  "Scourings." 

MISCELLANEOUS  PRODUCTS. 

Dried  Beet  Pulp  is  the  material  obtained  by  drying  the  residue  from  sugar 
beets  which  have  been  cleaned  and  freed  from  crowns,  leaves  and  sand  and 
which  have  been  extracted  in  the  process  of  manufacturing  sugar. 

Cocoanui  Oil  Meal  ("Copra  Oil  Meal")  is  the  ground  residue  from  the  ex- 
traction of  part  of  the  oil  from  the  dried  meat  of  the  cocoanut. 

Ivory  Nut  Meal  is  ground  ivory  nuts. 

Palm  Kernel  Oil  Meal  is  the  ground  residue  from  the  extraction  of  part  of 
the  oil  by  pressure  or  solvents  from  the  kernel  of  the  fruit  of  Elaels  guineensis 
or  Elaeis  malanococoa. 

Yeast  or  Vinegar  Dried  Grains  are  the  properly  dried  residue  from  the  mix- 
ture of  cereals,  malt  and  malt  sprouts  (sometimes  cottonseed  meal)  obtained 
in  the  manufacture  of  yeast  or  vinegar,  and  consists  of  corn  or  corn  and  rye 
from  which  most  of  the  starch  has  been  extracted,  together  with  malt  added 
during  the  manufacturing  process  to  change  the  starch  to  sugars,  and  malt 
sprouts  (sometimes  cottonseed  meat)  added  during  the  manufacturing  pro- 
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cess  to  aid  in  filtering  the  residue  from  the  wort  and  serve  as  a  source  of  food 
supply  for  the  yeast. 

TENTATIVE    DEFINITIONS. 

41.1s  Per  Cent  Protein  Cottonseed  Meal,  Choice  Quality,  must  be  finely 
ground,  not  necessarily  bolt«d,  perfectly  sound  and  sweet  in  odor,  yellow, 
free  from  excess  of  lint,  and  by  analysis  must  contain  at  least  41.12  per  cent 
crude  protein  equivalent  to  8  per  cent  of  ammonia. 

Cottonseed  Meal  not  fulfilling  the  above  requirements  as  to  color,  odor  or 
texture,  shall  be  branded  Off  Quality. 

38.56  Per  Cent  Protein  Cottonseed  Meal,  Prime  Quality,  must  be  finely 
ground,  not  necessarily  bolted,  of  sweet  odor,  reasonably  bright  in  color,  yel- 
low, not  brown  reddish,  free  from  excess  of  lint,  and  by  analysis  must  contain 
at  least  38.56  per  cent  crude  protein,  equivalent  to  7H  pc  oant  of  ammonia. 

Cottonseed  Meal  not  fulfilfing  the  above  requirements  as  to  color,  odor  or 
texture,  shall  be  branded  Off  Quality. 

S6  Per  Cent  Protein  Cottonseed  Meal,  Good  Quahty,  must  be  finely  ground, 
not  necessarily  bolted,  of  sweet  odor,  reasonably  bright  in  color,  and  by  analy- 
sis must  contain  at  least  36  per  cent  crude  protein,  equivalent  to  7  per  cent 
of  ammonia. 

Cottonseed  Meal  not  fulfilling  the  above  requirements  as  to  color,  odor  or 
texture,  shall  be  branded  Off  Quality. 

Fish  Meal  shall  be  the  dried,  ground  tissues  of  fish  made  from  undecom- 
posed  fish,  with  or  without  the  extraction  of  part  of  the  oil. 

Fish  Residue  Meal  shall  be  the  clean  undecomposed  residue  from  the  man- 
ufacture of  glue  or  other  fishery  products  and  to  be  from  non-oily  fish. 

MaUrose  Process  Corn  Glvten  Feed  is  the  dried  residue  from  degermed  com, 
after  removal  of  starch  in  the  manufacture  of  malt  syrup. 

Ground  Barley  is  the  entire  product  obtamed  by  grinding  clean  sound  barley, 
contfuning  not  less  than  90  per  cent  pure  barley  and  not  more  than  JO  per 
cent  of  other  grains,  weed  seeds  and  other  foreign  material  and  not  more  than 
6  per  cent  fiber.  Provided  that  no  portion  of  this  stated  10  per  cent  of  other 
grains,  weed  seeds  or  foreign  material  shall  be  deliberately  added. 

Mixed  Feed  Barley  is  the  entire  product  obtained  by  grinding  country  run 
barley  containing  not  less  than  75  per  cent  pure  barley  and  not  more  than  25 
per  cent  other  grains,  weed  seeds  and  other  foreign  material.  Provided  that 
no  portion  of  this  stated  25  per  cent  of  other  grains,  weed  seeds  or  foreign  ma- 
terial shall  be  deliberately  added.  The  ingredients  must  be  stated  as  barley 
other  grains,  weed  seeds  and  other  foreign  material. 

Rice  Bran  is  the  pericarp  or  bran  layer  of  the  rice  grain,  with  only  such 
quantity  of  hull  fragments  as  is  unavoidable  in  the  regular  milling  of  rice. 

Chopped  Alfalfa  is  the  entire  alfalfa  hay,  chopped  and  not  ground  finely 
enough  to  become  a  meal.  It  must  not  contain  an  admixture  of  alfalfa  straw 
or  other  foreign  material. 

Ear  Corn  Chops  is  com  and  cob,  chopped,  without  the  husk,  with  not  a 
greater  proportion  of  cob  than  occurs  in  the  oar  com  in  Its  natural  state. 

Head  Chops  consists  of  the  entire  head  of  the  grain  sorghums,  chopped,  and 
should  bear  the  name  of  the  sorghum  from  which  it  is  made.  Thb  includes, 
among  others,  kafir  head  chops,  milo  head  chops,  feterita  head  chops,  and 
sorghum  bead  chops. 
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Head  Sterna  consists  of  the  head  of  the  grain  sorghums,  from  which  the 
gr^  has  been  removed,  and  should  bear  the  name  of  the  sorghum  from  which 
it  is  made. 

RESOLUnONB   ADOPTED. 

Resolved,  That  it  is  the  sense  of  this  Association  that  we  understand  the 
term  '  'Nitrogen  Free  Extract' '  to  cover  the  product  indicated  by  the  per- 
centage obtained  by  subtracting  from  100  per  cent  the  sumof  the  percentages 
of  Ash,  Moisture,  Protein,  Fat  and  Fiber. 

Resolved,  That  the  term  "Carbohydrates"  be  interpreted  to  cover  the 
product  indicated  by  the  percentage  obtained  by  the  addition  of  the  per- 
centages of  crude  fiber  and  nitrogen  free  extract. 

Resolved,  That  this  Association  goes  on  record  as  condemning  the  practice 
of  the  packing  of  cottonseed  meal  and  other  feeds  in  bags  containing  99  lbs. 
net,  and  billing  and  charging  for  the  same  100  lbs.  net. 

Resolved,  That  it  is  the  sense  of  this  Association  that  a  ton  of  feed  be  2,000 
pounds,  net.    • 

PROPOSED  STANDARDS  FOR  WHEAT  MILL    FEEDS. 

Protein  (Min)       Fat  (Min)  Fiber  (Max) 

Standard  Middlings 16.0  per  cent  4.5  per  cent  9.0  per  cent 

Flour  Middlings 15.0  per  cent  3.0  per  cent  6.0  per  cent 

Red  Dog  Flour 16.0  per  cent  4.5  per  cent  4.0  per  cent 

Brown  Shorts 15.5  per  cent  3.5  per  cent  6,5  per  cent 

Gray  Shorts 16.0  per  cent  3.5  per  cent  5.5  per  cent 

White  Shorts 14.5  per  cent  3.0  per  cent  3.5  per  cent 

Wheat  Mixed  Feed 15.5  per  cent  3,5  per  cent  8.5  per  cent 

STOCK  AND    POULTRY  "CONDITIONERS." 

During  the  past  year  we  have  examined  a  number  of  so-called  stock  and 
poultry  conditioners  or  tonics.  While  these  do  not  come  under  the  jurisdic- 
tion of  the  feeding  stuffs  law  it  was  felt  that  the  matter  was  of  sufficient 
importance  to  examine,  more  or  less  thoroughly,  all  samples  coming  to  our 
attention.  Most  of  the  samples  were  sent  to  the  laboratory  by  residents  of 
the  State  and  a  few  were  collected  by  the  inspectors.  In  most  of  the  cases 
the  ingredients  have  simply  been  identified  with  no  attempt  made  to  esti- 
mate the  quantity  of  each.  In  those  samples  that  consist  largely  of  mineral 
salts  a  fairly  complete  analysis  has  been  made. 

From  an  examination  of  the  ingredients  found  in  these  various  prepara- 
tions it  will  be  possible  for  a  person  t-o  form  a  very  good  estimate  of  their 
value,  especially,  if  it  is  remembered  that  such  materials  as  cocoa  shells, 
peanut  shells  and  buckwheat  hulls  have  very  little  feeding  value,  and,  so 
far  as  is  known,  no  medicinal  or  tonic  value.  In  many  cases  these  materials 
constitute  the  major  part  of  the  preparation. 

A  list  of  the  preparations  examined  and  the  results  obtained  is  given  be- 
low— 

'  'sa]>tonik'  ' 

Manufactured  by  the  Guarantee  Veterinary  Co.,  Chicago,  III.,  and  Sioux 
City,  la.  This  preparation  is  marketed  in  the  form  of  blocks  weighing 
50  lbs.  each.  The  analysis  of  a  sample  submitted  by  Henry  Ver  Hulst, 
Hamilton,  Michigan  follows; — 
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Sodium  Chloride  (Salt) 94 ,  20% 

Sodium  Sulfate  (Glauber's  Salt) 1 ,89% 

Sodium  Bicarbonate 0,30% 

Mapiesium  Sulfate  (Epsom  Salt) 1 .  20% 

Calcium  carbonate 0 ,  84% 

Oi^nic  Matter .     0.34% 

Insoluble  Mineral  Matt«r 1 .  19% 

The  insoluble  matter  contained  free  sulfur  and  oxide  of  iron  which  was 
not  determined. 

A  second  sample  submitted  by  0.  M.  Wallace,  Burton,  Mich.,  contained 
96.65  per  cent  salt. 

'  'doz-it.'  ' 

Manufactured  by  the  Farmers'  Medicated  Stock  Salt  Co.,  Mifflinburg, 
Pa,    Sample  submitted  by  Anthony  Fenis,  Westphalia,  Mich. 

Sodium  Chloride  (Salt) 94.25% 

Charcoal 3'.58% 

Traces  of  Magnesium  Sulfate  (Epsom  Salt)  and  ferrous 
Sulfate  (Copperas). 

A  second  sample  submitted  by  the  Gladstone  Grocery,  Gladstone,  Mich,, 
gave  the  following  snalysis: 

Sodium  Chloride  (Salt) 94.95% 

Charcoal 2.87% 

"federal   stock  CONDITIONEIt. " 

Manufactured  by  the  Federal  Stock  Food  Co.,  Mifflinburg,  Pa.  Sample 
submitted  by  D.  L.  Hagerman,  Grand  Rapids,  Mich. 

The  following  ingredients  were  identified:  Cocoa  shell  meal,  buckwheat 
hulls,  peanut  shells,  oyster  shells,  salt,  calcium  carbonate  and  traces  of  cop- 
peras, mustard  and  red  peper. 

"empire  stock  conditioner." 

Manufactured  by  the  Capitol  Food  Co.,  New  York  City.  Sample  sub- 
mitted by  John  C.  Liken  Co.,  Sebewaing,  Mich. 

The  following  materials  have  been  identified :  Cocoa  shells,  peanut  shells 
and  meal,  buckwheat  hulls,  oyster  shells,  sulfur,  ferrous  sulfate  (copperas) 
and  traces  of  magnesium  sulfate  (Epsom  Salt),  gentian,  sassafras,  anise, 
capsicum  and  mica. 

"empire  poultry  conditioner" 

Manufactured  by  the  Capitol  Food  Co.,  New  York  City.  Sample  sub- 
mitted by  John  C.  Liken  Co.,  Selwwaing,  Mich.  The  following  materials 
were  identified:  Cocoa  shells,  peanut  shells,  buckwheat  hulls,  oyster  shells 
(25%),  sulfur,  charcoal,  copperas  and  traces  of  mustard,  sassafras  bark, 
fenurgreek,  anise,  black  pepper,  mica. 

"Moorman's  mineral  mixture." 

Manufactured  by  Moorman  ^^anufacturing  Co.,  Quiney,  III, 
submitted  by  Otto  B.  Sehuize,  Nashville,  Mich.  mz"- 
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The  following  materials  were  identified :  Sodium  sulfate  (Glauber's 
salt),  rock  phosphate,  sulfur,  charcoal  and  trace  of  copperas.  The  ii^e- 
dients  are  present  in  about  the  following  proportions: 

Glauber's  Salt 45.70% 

Rock  phosphate 24.02% 

Sulfur 7 .  15% 

Charcoal  and  sand 23 .  13% 

Copperas trace 

"dh.  hess'  stock  tonic." 

Manufactured  by  Drs.  Hess  &  Clark,  Ashland,  Ohio.  Sample  submitted 
by  Inspector  Tcske.  The  following  ingredients  were  identified:  Salt 
(42.43%),  epaom  salt,  glauber'a  salt,  potassium  nitrate  (salt  peter)  cop- 
peras, quassia,  fenurgreek,  nux  vomica,  wheat  bran,  charcoal, 

"guardian  stock  conditionbe." 

Manufactured  by  the  Guardian  Food  Company,  New  York  City  and 
Indianapolis,  Ind.     Sample  submitted  by  C.  M.  Kidman,  Port  Huron,  Mich. 

Ingredients  identified;  Peanut  shells,  charcoal,  fenui^reek,  quassia,  salt, 
copperas,  Glauber's  salt,  sulfur. 

The  ingredients  are  present  in  approximately  the  following  proportions: 

Sodium  chloride  (salt) 66 ,  47% 

Sulfur 0.71% 

Sodium  Sulfate  (Glauber's  Salt) \  ,«  170^ 

Ferrous  Sulfate  (Copperas) / lu-i'/o 

ctolf*. ::::::  22.65% 
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1.    An  Old  lodlan  Corn  C!1««t1iis 

The  farthest  north  and  one  of  the  most  iincient  of  Michigan's  Indian 
corn  clearings,  located  on  the  banks  of  the  tit  Mary's  Birer  in  Chippewa 
county. 

These  clearings  were  yisited  annnally  by  the  Indians  for  the  pnrpoee 
of  planting  and  harvesting  a  crop  of  corn  and  were  very  nomerons,  par- 
ticularly  in  the  Lower  Peninsula  in  the  days  of  the  early  settlement  of 
the  State. 

The  following,  quoted  from  a  recent  letter  from  Mr.  Otto  Fowle  of 
Sault  Ste.  Marie,  gives  some  interesting  information  in  r^ard  to  the 
early  history  of  com  growing  by  the  Indians : — 

"The  Indian  name  for  the  river  and  vicinity  was  Mash-ko-de-sa-ging, 
which  signified  openings  of  fields  near  the  rapids. 

These  fields  were  undoubtedly  formerly  cultivated  by  the  Indians,  on 
which  were  raised  com  and  squashes,  hot  a.t  a  time  beyond  the  memory 
of  present  inhabitants,  and  I  find  no  written  account  of  this  cultivation 
more  than  that  Jacob  M.  Howard,  Attoroey  for  the  claimants  in  the 
Bepintiguy  case,  visited  this  spot  in  1862  and  found  a  small  encampm^t 
of  Indians  there.  :  i 

The  Jesuit  Fathers  who  founded  the  Mission  art  the  Sault  in  1668,  im- 
mediately b^an  the  cultivation  of  com.  Oalinee,  the  Sulpitiaa  priest 
who  visited  the  Sault  in  1680  writes,  "Th(;y — the  Jesuit  Fathers — have 
a  large  clearing  well  planted  from  which  they  ought  to  gather  a  good 
part  of  their  suMteiiaiive;  tlioy  are  hoping  fio  eat  bread  within  two  years 
from  now."  This  of  course  was  corn  bread,  as  wheat  raising  was  not 
attempted. 

In  the  trial  of  the  Bepintiguy  case,  referred  to,  which  was  in  relation 
to  events  which  occurred  at  the  time  of  the  building  of  the  French  Fort 
at  the  Sanlt-1751  to  1755,  the  following  testimony  was  adduced:  "He- 
Repintiguy-haB  engaged  a  Frenchman  who  married  at  the  Bault  Ste. 
Marie  an  Indian  woman,  to  take  a  farai ;  they  have  cleared  it  up  and 
sowed  it  and  without  a  frost  they  will  ([ather  from  30  to  35  sacks  of 
com." 
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J.  F.  cox  AND  J.  R.  OllNCAN.  FARM  CROPS  SECTION 

Corn  groving  is  one  of  Michigan's  greatest  industries.  During  the 
year,  1919,  Michigan's  corn  crop  was  -worth  between  J80,000,0OO  and 
f90,000,000,  its  value  being  greater  than  that  of  any  other  crop  produced 
in  Michigan.  Michigan's  corn  growing  counties  are  marked  by  thrifty 
herds  of  cattle  and  numerona  flockc  of  bogs  and  sheep.  The  silo  has  extend- 
ed her  com  growing  sections  far  to  the  north.  The  great  stocli -feeding  and 
dairying  interests,  and  the  large  food  products  industries  of  Michigan 
are  largely  supported  by  the  corn  crop.  The  production  of  com  compares 
favorably  with  Michigan's  leading  industries.  Tbe  value  of  the  corn 
crop  approximately  equals  the  total  annual  output  of  Michigan's  copper 
mines,  or  iron  mines,  and  esceeds  the  value  of  her  furniture  industry 
in  normal  years. 

"The. big  business"  of  com  growing  differs  from  other  large  industries 
such  as  automobile  production,  copper  and  iron  mining,  etc.,  in  that  its 
direction  is  not  in  the  hands  of  a  relativdy  few  captains  of  industry, 
with  specialists  assigned  to  particular  details  of  production,  but  it  is 
owned  and  managed  by  se  feral  hundred  thousand  independent  com 
producers,  each  of  whom  m  ost  Icnow  the  details  of  his  business.  The 
degree  of  success  of  the  individual  is  largely  in  proportion  to  his  knowl- 
edge of  com  growing.  Thofie  who  employ  improved  methods  in  select- 
ing and  storing  seed  corn,  preparing  the  land,  fertilizing  and  cultivating 
the  crop,  etc.,  are  assured  of  a  marked  advantage  over  the  com  grower 
who  does  not  follow  these  me-thods.  The  prosperity  of  the  State,  and  of 
individual  farmers  growing  c  orn,  is  influenced  in  a  large  measure  by  the 
success  of  the  corn  crop,  and  it  is  to  the  interest  of  both  the  State  and 
com  growers  to  secure  the  -iride  spread  use  of  the  methods  which  the 
most  successful  producers  ha^re  found  best. 

For  the  past  15  years,  Michigan's  average  production  has  been 
53,000,000  bushels  with  an  average  yield  per  acre  of  32.3  bushels.  This 
average  yield  compares  very  favorably  with  the  yield  per  acre  of  lead- 
ing com  belt  States,  but  double  this  yield  or  more  can  be  expected  on 
average  corn  land  as  a  resuTi  of  the  employment  of  proper  cultural 
methods.  There  is  substantia)  reason  to  believe  that  greater  care  on  the 
part  of  the  majority  of  corn  rrowers  in  choosing  adapted  varieties,  se- 
lecting seed,  preparing  the  land,  and  cultivating  the  crop,  will  bring 
about  a  very  considerable  inc  rease  in  the  total  production  and  in  the 
average  yield  per  acre. 
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MICHIGAN  CORN  VARIETIES 

Tbe  study  of  com  in  Michigan  corn  fields,  stored  in  Michigan  corn 
cribs,  or  assembled  for  exhibit  at  local  corn  shows  ha's  established  the 
fact  that  in  many  localities  there  are  too  great  a  number  of  Tarieties. 
It  is  not  nncommon  to  find  as  many  as  thirty  or  forty  different  varie- 
ties exhibited  at  a  single  corn  exhibit.  These  varieties  vary  markedly 
in  appearance,  ranging  from  carefully  selected  strains  of  proper  adapta- 
tion and  high  yielding  ability  to  varietiefl  apparently  too  late  or  too 
early  in  maturity  for  the  community  and  showing  little  improvement 
through  breeding.  The  range  in  color  includes  the  standard  yellow, 
white  and  white  cap  varieties,  and  strains  of  red,  red  splashed  and  blue 
com,  and  frequent  mixtures. 

Careful  variety  tests  have  proven  that  these  varieties  vary  as  much 
in  yielding  ability  as  in  appearance,  certain  ones  being  capable  of  yield- 
ing many  bushels  more  under  the  same  conditions  than  the  majority 
of  the  varieties  in  the  tests. 


THE  BEST  Vj 

Fortunately  there  are  men  in  practically  all  Michigan  com  growing 
sections  who  have  taliea  great  interest  in  the  development  of  welt  adapt- 
ed and  high  yielding  strains  of  corn,  and  who  have,  by  years  of  careful 
selection,  laid  a  fonuilation  for  the  standardization  of  Michigan  corn 
varieties.  It  is  of  the  utmost  importance!  to  the  individual  grower  and 
to  the  com  crop  of  the  State  that  these  better  varieties  be  more  widely 
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nojcett  XvVjaow  JJent 


Dunoaii  Yellow  Dent. 
Standard  Mljihlgan  Corn  Vt^rletleB. 

2.     SOME  STANDARD  MICRIGAN  CORN  VARIETIES 
Ulver    King   and    Duncan    are  wpII    adapled    to  Kjulhern    Michigan.       Ths   Galdca 
-kett  [are   widely    distributed,    and   ad&pted   strains   are    growD    In    southem,    cen- 
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grown  in  the  sections  in  which  the;  are  superior.  It  is  also  important 
that  the  methods  of  selection,  and  care  of  seed  employed  by  Uichigan'a 
best  com  growers  in  the  development  of  these  varieties  be  more  widely 
employed. 

By  obserring  the  yielding  ability  in  the  field  of  improved  varieties 
for  a  number  of  years  and  assembling  these  varieties  and  numeroas 
others  of  promise  in  carefully  conducted  variety  testa  throughout  the 
State  and  at  the  Michigan  Experiment  Station,  it  has  been  made  pos- 
sible to  deeignate,  according  to  sectional  adaptation,  the  leading  corn 
varieties,  which  may  be  taken  as  dependable  standards.  Without  donb!: 
future  experiments  with  corn  varieties  may  develop  even  better  straius 
and  establish  new  varieties,  which  may  replace  many  of  the  present  oh'jh, 
but  it  is  certain  that  the  varieties  here  designated  have  proven  their 
adaptation  and  yielding  ability,  and  are  much  superior  to  the  majority 
of  ordinary  varieties  usually  grown. 


APPROXIMATE  SECTIONAL  ADAPTATION  OP  LEADING 
MICHIGAN  COKN  VARIETIES 

Section  1 — Southern  Michigan: 

The  Duncan  Yellow  Dent,  Early  Reed's  Yellow  Dent,  Early  Learning, 
Murdock,  Early  Silver  King,  Folks  White  Cap,  Golden  Glow,  Lawrence 
Yellow  Dent,  and  Pickett  Yellow  Dent. 

Por  silage  these  varieties  and  varieties  from  northern  Ohio,  northern 
Indiana,  nortliern  Iowa,  and  norttiern  Illinois  which  are  early  enough 
to  reach  the  dented  and  glazed  kernel  stage  of  maturity. 

Section  2 — Central  Michigan: 

Pickett  Golden  Glow.  Ge<ldes  Early  Silver  King  and  Folks  White  Cap, 
For  silage,  these  varieties,  and  varieties  from  Section  1. 

Section  3 — Northern  MiehUjiin: 

Early  Golden  Glow,  Wisconsin  12  and  No.  25,  Early  Pickett,  North- 
western Dent,  Ogemaw  White  Cap  and  Flint  varieties. 
Por  silage — these  varieties,  and  varieties  from  central  Mchigan. 

Section  i — 

No  safe  grain  maturing  varieties.  The  varieties  of  Section  3,  are 
recommended  for  silage  under  conditions  where  silage  can  be  produced. 

The  accompanying  map  shows  graphically  the  approximate  adapta- 
tion of  varieties  listed.  It  must  be  kept  in  mind  that  definite  boundaries 
cannot  be  established,  and  that  exceptionally  cold  and  late  soils  in 
southern  localities  require  early  strains  such  as  are  characteristic  of 
more  northern  sections,  wiiile  favorably  located,  quick  growing  com 
soils  In  northern  sections,  particularly  near  Lake  Michigan,  can  produce 
lator  strains  than  the  average  soil  of  the  region. 
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.  Coant7  Agricultural  Agents  and  the  Farm  Cropa  Department  of  the 
BficliigaD  Agricnltaral  College  are  in  poBitlon  to  give  information  con- 
cerning varietieg  and  Boarce  of  dependable  seed  for  established  com 
growing  sections. 
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DESCRIPTION  OF  MICHIOAN  CORN  VARIETIES 

Id  order  to  give  definite  information  concerning  varieties  of  known  ex- 
cellence as  sliown  by  variety  teste,  tbe  men  wlio  developed  these  varie- 
ties, or  have  grown  them  for  a  number  of  years,  were  requested  to  state 
tbe  methods  followed  in  establishing  their  respective  varieties.  A  brief 
summary  of  the  histtory  of  each  variety  is  included  with  following 
description: 

EARLY  SILVER  KINO 

The  Early  Silver  King  is  a  white  variety  introduced  into  Michigan 
from  two  sources;  from  northern  Iowa,  where  it  originated,  and  Wis- 
consin, where  it  has  been  widely  distributed  after  selection  and  adapta- 
tion, as  the  Wisconsin  No.  7.  The  ear  la  nsDally  from  S^  to  9^  inches 
in  length  and  6%  to  7%  inches  in  circumference.  It  ranges  in  season 
from  100  to  130  days.  Food  products  industries  using  corn  pay  a 
pr^nium  for  white  com.  The  following  men  who  have  been  instrumental 
ilk  introducing  this  variety  have  given  brief  statements  of  source  and 
selection  methods: 

Farley  Bros.,  Albion,  Calhoun  coiiuly,  secure<l  seed  of  Silver  King 
seven  years  ago  from  northern  Iowa.  They  followed  hill  selection  and 
saved  the  best  type  of  ears  for  seed.  The  estimated  maturity  is  110  to 
120  days  on  soils  of  variable  Goloma  loam. 

Mr.  C.  P.  Milham,  Kalamazoo,  Mich.,  secured  Wisconsin  No.  7  strain 
of  Early  Silver  King  from  Wisconsin  nine  years  ago.  He  has  prac- 
ticed field  selection  of  ears  on  the  stalk  for  bis  own  seed  and  selected 
for  type  from  this  field  selected  seed. 

His  soil  is  mostly  clay  loam  or  sniidy  clay  loam.  Tbe  average  length 
of  season  required  for  maturity  for  this  strain  of  Wisconsin  No.  7  is 
110  to  125  days. 

Mr.  D.  A.  Oeddes,  Swan  Creek,  Saginaw  county,  secured  Early  Silver 
King  or  Wisconsin  No.  7  from  Wisconsin  nine  years  ago.  It  has  been 
his  practice  to  always  gather  seed  before  corn  was  harvested,  picking 
the  early  maturing  ears  from  hills  containing  2  to  4  strong,  well  devel- 
oped stalks,  saving  tbe  ears  that  were  8  to  9  inches  long,  carrying  16 
to  20  rows,  with  good  length  of  kernel  at  the  tip  and  butt,  growing  about 
half  way  up  the  stalk,  the  ears  drooping  slightly  so  that  rain  would  not 
injure  tip  of  ear. 

The  soil  is  a  clay  loam.  The  estimated  time  for  maturity  is  from 
100  to  115  days. 

I'ICKBTT   TBLLOW    DENT 

The  Pickett  Yellow  Dent  is  cue  of  tbe  oldest  and  best  established 
varieties  of  lower  Michigan.  Tbe  ear  is  cylindrical  and  slightly  taper- 
ing, measuring  from  7  to  9  inches  in  length  and  6^  to  7%  inches  in  cir- 
cumference. The  number  of  rows  vary  from  16  to  20.  The  kernels  are 
medium  to  deep,  compat:tly  arranged  on  cob.    Adapted  strains  of  this 
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variety  are  safe  throughout  Sections  I  aod  2.  It  prodnceB  a  medimn 
stalk  growth. 

The  Pickett  variety  is  one  of  the  most  carefully  selected  native 
strains.  It  originated  from  a  distribution  of  extremely  early  Beid's 
Yellow  Dent,  secored  by  the  Michigan  Agricultural  College  from  northern 
Illinois  in  1885.  The  original  strain  was  too  la'te  for  widespread  suc- 
cess when  introduced.  After  years  of  careful  selection  it  has  been  made 
dependable  over  a  wide  area. 

Mr.  J.  W,  Pickett  of  Caledonia,  Kent  county,  .stntes  the  following 
regarding  the  Pickett  variety: 

Mr.  W.  E.  Boyden,  Delhi  Mills,  Michigan,  secured  some  seed  from  the 
Michigan  Agricultural  College  and  grew  it  in  1889.  Mr.  Pickett  se- 
cured seed  from  Mr.  Boyden  in  1890  and  has  grown  it  ever  since. 

The  ordinary  method  of  saving  the  best  type  of  ears  at  cutting  time 
and  husking  time  was  followed  until  190G.  In  1906  he  commenced  to 
improve  his  corn  by  testing  out  several  selected  ears  by  the  ear  row 
test  and  remnant  method,  planting  a  part  of  each  ear  and  preserving 
the  remainder  for  the  purpose  of  bringing  the  high  yielders  together  the 
following  year  in  a  breeding  plat.  He  has  followed  these  me^ods  with 
modifications  since  that  date. 

According  to  type  selected,  the  Pickett  corn  requires  from  95  to  110 
days  for  maturity.     This  variety  was  developed  on  clay  loams  and  loams. 


PICKETT   YELLOW    DENT 


DrXC.\N   YELI.OW  VEST 


The  Duncan  Yellow  Dent  was  developed  by  Mr.  J,  R.  Duncan  of  Vicks- 
bufg,  St.  Joseph  comity.  Tliis  variety  is  fnirly  well  known  iu  southern 
Michigan  counties.  The  ears  range  in  size  from  8  to  9  inches,  and  cany  16 
to  20  rows  of  kernels.  The  kernels  are  keystone  shaped,  medium  deep, 
with  remarkably  large  germs.    The  etalk  is  broad  leafed  and  vigorous. 

The  seed  which  formed  the  basis  of  the  present  variety  was  bought  in 
1908  at  Ossian,  Indiana. 

The  method  of  selection  followed  was  as  follows : 

Selection  always  from  standard  stalks.  Ear  to  row  work  followed 
two   years.     Briefly  stated,  the  best    ears  from  strong,  medium    sized, 
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disease  free  stalks,  standing  in  a  fall  hill  and  snrrounded  b;  a  full  stand, 
were  selected  in  tiie  field  before  liusking  time.  The  best  type  from  these 
eare  wa^  later  selected  for  seed.  The  average  length  of  season  required 
for  maturity  is  110  to  130  days.  The  soil  on  which  the  Duncan  was  de- 
veloped is  a;  loam,  fairly  light  in  nature. 

At  present  Willis  Wahl  and  Schrader  Bros,  of  Centcrville,  Michigan, 
are  continuing  the  work  of  improving  this  variety  in  St.  Joseph  county. 
Earlier  strains  of  Duncan,  which  have  been  brought  out  by  ear  row 
work  at  the  Michigan  Agricultural  College,  will  be  distributed  in  1920 
and  1921  throughout  central  Michigan. 


S.     DUNCAN  TSLLOW  DENT 


TIIE    GOLDEN    GLOW    VARIETY 


This  yellow  dent  variety  was  introduced  from  Wisconsin.  It  is  a 
vigorous  grower  of  wide  adaptation.  The  ears  are  of  a  golden  yellow 
color,  fllightly  tapering,  7  to  9  inches  in  length,  and  from  6V^  to  7% 
inches  in  circumference.  The  kernels  are  of  a  keystone  shapft  for 
southern  Michigan  strains  and  a  keystone  to  round  for  northern  Michi- 
gan.   The  rows  number  16  to  20. 

Strains  of  this  variety  are  grown  in  all  Michigan  corn  growing  sec- 
tions. It  is  of  particular  Importance  in  the  central  and  northern  dis- 
tricts. 

Mr,  C.  V.  Town,  of  (irecnville,  Mi>nlc'alin  couuty,  states  the  folloiring 
in  regard  to  Golden  Glow : 

He  secured  seed  four  yenrs  ago  from  Jefferson  county,  Wisconsin. 
Selected  seed  from  portions  of  the  field  where  the  most  perfect  develop- 
ment was  to  he  found,  avoiding  the  high  ground  where  for  lack  of  mois- 
ture the  fertile  plants  niiglit  become  <lwarfe(l  in  any  way.  lie  also  avoid- 
ed the  low  places  where  lack  of  fertility  might  cause  undue  stalk  growth 
and  a  tendency  to  late  maturity.  He  selected  seed  from  stalks  where 
stand  is  full,  avoiding  the  ear  set  on  long  shanks,  or  ears  set  too  high 
or  too  low  on  the  stalk.  In  selecting  seed  ears  Mr.  Town  avoided  eart 
with  course,  open  butts  or  long  tapering  tips  with  pointed  kernels. 

Mr.  Town  began  ear  to  row  work  in  1919  with  55  ears  from  the  best 
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stock  Dl>taiDabIe  from  above  method  of  selection.    His  soil  is  moetl; 
cla^  loam,  and  time  of  maturity  estimated  at  110  to  120  days. 

Mr.  Oiiif  Kelson,  Alolia.  CiieUoygaii  <minty,  states  that  tbe  original 
soarce  of  the  Nelson's  Golden  Glow  was  the  Wisconsin  Golden  Glow  of 
an  early  strain  from  Wisconsin.  Tbe  selection  has  continued  4  years 
in  Cheboygan  county. 


e.     GOLDBN  OLOW. 


The  seed  is  carefully  field  selected,  saving  those  ears  true  to  type,  such 
ears  as  arc  fully  matured  aud  free  from  disease.  The  seed  is  hung  in 
the  seed  house,  kept  from  frost  and  dried  by  artificial  heat. 

Early  maturity  is  one  of  the  chief  points  considered  in  selection  wort. 

The  soil  is  loam  with  clay  sub-soil.  The  time  of  maturity  is  96  to 
105  days. 
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1  EAaULY    COLDBN    GIJOW— WISC,    NO.    12   4   2S 

The  Wisconsin  No.  12  aanally  matures  in  northeastern  Michigan,  with 
only  occasional  failures.  It  produces  fairly  large  ears,  kernds  rsrther 
short,  and  cobs  somewhat  lai^  for  damp  autumn  seasons.  This  strain 
of  Golden  Glow  is  adapted  to  Section  3,  particnlarly  the  sonthem  and 
western  area. 

The  type  Wisconsin  No.  25,  of  early  Golden  Glow  matnrea  about  10 
days  earlier  than  type  No.  12.  The  kernels  are  rather  short  and  ears 
about  the  size  of  the  Ogemaw  White  Cap.  The  stock  of  No.  26  was 
obtained  from  the  northern  Wisconsin  Experiment  Station  at  Spooner, 
Wis.  This  early  strain  is  best  adapted  to  northeastern  Michigan  and 
the  upper  regions  of  Section  3  and  Section  4. 

■    polks'  white  cap 

This  variety  was  developed  by  Mr.  William  Polks  of  Hanover,  Jack- 
son county.  It  is  an  exceptionally  uniform  white  cnp  variety  and  has 
given  excellent  yields  in  southern  and  south  central  Michigan  variety 
tests.  It  haB  a  vigorous  stalk  and  is  highly  appreciated  boUi  for  grain 
and  silage  purposes.  The  ears  range  from  7  to  9  inches,  are  slightly 
tapering,  and  carry  16  to  20  rows  of  kernels  of  medium  depth.  Mr. 
Folks  has  given  attention  to  the  selection  and  improvement  of  this  corn 
since  1905.    It  is  one  of  the  best  yiedding  varieties  for  southern  Michigan. 

LAWKEMCB  YELLOW   DENT 

This  variety  was  originated  by  Mr.  L.  L.  Lawrence,  of  Decatur,  Mich. 
It  is  a  yellow  dent  variety,  well  adapted  to  southwestern  Michigan.  The 
ear  ranges  from  8  to  9^4  inches  in  length,  carries  from  16  to  22  rows  of 
kernels.     The  k^niels  are  of  medium  depth,  and  the  indentation  is  rough. 

Mr.  Lawrence  states  that  he  "has  grown  this  com  upwards  of  20  years 
on  slightly  sandy  loam,  underlain  with  clayish,  gravelly  subsoil."  He 
has  practiced  hill  selection  and  estimates  the  maturity  of  his  com  at  100 
to  120  days.  The  original  strain  was  a  Turkey-track  type.  The  pres- 
ent strain  of  Lawrence  Y^ow  Dent  shows  only  occasional  red  hull  mark- 
ings. 

EABLY    REID'S   YELLOW    DENT 

The  early  strains  of  Beids'  Yellow  Dent  mature  safely  in  Michigan's 
southern-most  counties.  Tlie  leading  variety  in  Branch  *-ounty  variety 
tests,  for  the  past  2  years,  has  been  an  Bariy  Beids',  grown  by  Mr.  Gofl- 
n>an  for  the  past  11  years. 

The  ears  are  from  9  to  10  inches  in  length  and  carry  16  to  20  rows 
of  kernels.  The  color  is  medium  yellow,  the  sides  of  kernels  being 
slightly  darker  yellow  than  crown.  The  kernels  are  broad  and  fairly 
deep,  with  large  germs,  and  compactly  arranged  in  row.  The  cob  is 
small,  ears  cylindrical,  butts  and  tips  well  curved. 

This  variety  matures  safely  in  favorable  locations  of  Michigan's 
eoathem  tier  of  counties  and  is  utilized  as  a  silage  variety  throughout 
southern  Michigan. 


Digitizcc  by  Google. 


STATE  BOARD  OF  AGRICULTURH. 


The  Learning  is  recognized  as  one  of  the  oldest  varieties.  It  has  un- 
donbtedly  formed  the  foundation  of  several  Midiigan  com  varietieH. 
Earlier  strains  of  Learning  mature  in  southern  Michigan  and  it  is  v^ 
Icnown  as  a  silage  variety  in  southern  and  central  Michigan.  The  ears 
vary  from  TVa  to  9  inches  in  length  and  arecharacterizedbyadistinctly 
tapering  shape.  The  indentation  of  kernel  is  smooth,  grains  medium 
to  deep  and  variable  in  thickness.  The  color  of  I^eaming  is  a  medium 
yellow  tinged  with  golden.  This  variety  is  too  long  seasoned  to  be  grown 
safely,  except  on  the  good  corn  growing  soils  of  southern  Michigan 
counties. 


This  variptv,  dovploped  in  .Tatkwon  county,  is  grown  chielly  in  south- 
eastern Michigan.  The  ears  are  from  8  to  9  inches  in  length  with  16 
to  18  rows  of  kernels  of  medium  depth  and  medium  indentation.  The 
ears  are  symmetrical  and  quite  uniform.  This  t^pe  is  dependable  in 
yield  and  adaptation  in  southern  Michigan  counties. 


The  Pride  of  Michigan  is  a  yellow  dent  variety  of  long  standing  in 
southern  Michigan.  Early  strains  are  established  as  far  north  as  Sagi- 
naw county.  The  type  is  thoroughly  acclimated  in  southern  Michigan. 
The  ears  are  uniform  in  size,  slightly  tapering,  being  from  8  to  10  inches 
in  length  with  16  to  20  rows  of  kernels  of  medium  depth.  Color  is  light 
golden.  This  variety  is  recommended  for  southern  Michigan  and  early 
strains  for  central  Michigan- 

NOKTIIWESTERN   DENT 

The  original  stock  of  the  Northwestern  Dent  variety  was  secared  ttom 
North  Dakota,  8  years  ago  by  Mr.  E.  E.  Evans  of  Ogemaw  county.  As 
received,  the  stock  was  mongrel,  showing  variations  from  dark  turkey 
red  to  yellow  and  many  types  of  kernels : — Dent,  Hackberry,  and  Flint. 
The  improved  strain  of  Northwestern  Dent  bears  little  resemblance  to 
the  original  stock.  The  cobs  are  small,  drying  out  readily  and  quickly. 
The  kernels  are  the  deepest  of  any  dent  corn  grown  in  northern  Michigan 
which  matures  regularly;  color,  reddish  with  pale  caps.  Light  colored 
ears  appear  rarely  in  improved  stock. 

This  stock  matures  safely  in  north-central  Michigan, 

OGEMAW   WHITE  CAP 

The  Ogemaw  White  Cap  is  a  white  cap  variety,  5  to  6  inches  long, 
maturing  in  from  90  to  100  days  and  adapted  to  northeastern  Michigan. 
It  waa  originated  by  Mr.  E.  E.  Evans  of  West  Branch,  Ogemaw  county, 
from  stock  obtained  from  Calhoun  county  26  years  ago.  This  varied 
is  a  standard  variety  of  Ogemaw  and  neighboring  counties. 
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EARLY  FLINT  V 


Early  Flint  varieties  are  as  a  rule  the  earliest  grain  maturing  varie- 
ties- Tlie  8-Row  Yellow,  Early  Mobavrk,  King  Philip,  Smut  Nose  or 
Bed  Blazed,  and  Bainbow  Flint  are  the  best  known  Michigan  varieties. 
Of  these  the  S-Bow  Yellow  is  one  ol  the  earliest,  maturing  in  from  80 
to  90  days. 

The  Bmut  Nose  or  Bed  Blazed  Flint  is  one  of  the  most  widely  grown 
flint  varieties.  The  color  is  yellow,  and  the  tips  of  smutty  or  bronzed 
appearance.  The  ears  are  usually  8  rows,  from  9  to  11  inches  in  length. 
The  stalks  are  about  7  feet  high. 


S.     Flint  varletUi  are  Bdapted  to  roi^ous  of  Bbort  Kaians  In  Dorthem  Michigan,  and  are 

uaed  occaalonallj  lor  replanting  or  planting  at  late  dntei  In  Boutbem  and  central 

Mkhlgan. 

The  King  Philip  Flint  is  one  of  the  oldest  varieties  and  known  as  a 
productive  strain,  often  bearing  several  ears  per  stalk.  The  ears  are 
from  10  to  13  inches  long;  the  color  deep  red  with  occasional  light 
crowned  kernels.  It  is  shown  as  a  hardy  flint  variety  and  is  a  vigorous 
stalk  producer. 

The  Early  Mohawk  was  developed  in  northern  Michigan  counties  from  a 
variety  from  Nl'w  Kiigland.  It  is  a  large  type  with  ears  from  10  to  13 
inches  long;  red  in  color,  with  lighter  color  at  crowns  of  kernels. 

The  Rainbow  Flint  is  a  mixed  varicolored  strain  found  growing  in 
Alpena  and  Presque  Isle  counties. 

The  Yankee  Dent  or  Poorman's  com  is  an  early  variety  intermediate 
between  Dent  and  Flint,  having  broad,  shallow,  pale  yellow  or  cream 
colored  kernels.  This  variety  is  adapted  to  sections  of  short  seasons 
and  poor  soils,  and  is  sometimes  used  for  replanting  or  planting  at  la-te 
dates  in  central  and  southern  Michigan. 

Flint  varieties  are  adapted  to  planting  in  sections  with  too  short  a 
season  for  the  proper  maturity  of  Dent  varieties.  During  recent  years 
early  types  of  Dent  corn  have  rapidly  rq)laced  the  Flint  varieties. 
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VAKII'TTIKa  von  SILAOE 


The  highest  yields  of  food  material  per  acre  are  secured  from  corn 
which  reaches  maturity.  Under  average  conditions,  a  variety  which 
reaches  the  dented  and  glazed  kernel  stage  of  maturity,  with  the  lower 
leaves  of  plant  turning  brown,  will  produce  the  most  natritioos  and  moBt 
palatable  silage.  Approximately  two-thirds  of  the  digestible  food  ralne 
of  corn  is  in  the  ear,  and  hence  varieties  which  produce  a  good  ear  will 
make  silage  of  richest  feeding  value.  It  is  possible,  however,  to  grow 
varieties  that  will  not  produce  sufficient  tonnage  and  mature  too  early 
for  ensilage.  Large  growing  leafy  plants,  which  will  produce  ears  that 
reach  the  dented  and  glazed  stage  or  hard  dough  stage  of  maturity,  fill 
all  requirements.  Oorn  which  has  reached  full  maturity  is  usually  too 
dry  to  produce  the  most  palatable  silage,  even  though  water  is  added. 


n  etdwIde  lectlon   far  to   the  nortb  add  n«idiIiB> 
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Tbe  Silver  King  and  Duncan  yarieties,  for  instaDce,  are  splendid  silage 
varieties  in  central  Michigan,  while  in  Bouthem  Michigan  Beid's  and 
Learning,  of  northern  Ohio  and  northern  Indiana,  malie  excellent  silage 
com.  In  noriiem  Michigan  the  Golden  Glow,  and  Early  Silver  King 
from  central  Michigan,  make  good  silage. 

Extremely  large  growing  types,  such  as  the  Bed  Ck>b  Ensilage,  furnish 
a  large  yield  per  acre  of  silage  material,  carrying  a  much  higher  water 
content  and  less  food  value  than  silage  of  greater  maturity.  The  dairy- 
man, living  near  lai^e  cities  with  a  limited  acreage,  who  buys  moat  of 
his  feed,  may  find  these  types  of  use  in  giving  him  the  largest  yield  of 
succulent  roughage  per  acre  on  his  hi^  priced  land.  The  average 
dairyman  and  farmer,  however,  usually  has  plenty  of  land  and  is  more 
limited  in  silage  space  and  desires  to  save  as  much  as  possible  on  con- 
centrates. For  him,  a  thrifty  variety  which  reaches  a  more  advanced 
stage  of  matarify  is  the  best  for  silage. 


VAltlETY  TKSTS  FOR  <X)1{N 

In  view  of  the  variability  of  the  soil  and  climatic  conditions  in  Michi- 
gan, and  hence  the  great  variation  in  adaptation  of  com  varieties,  the 
Farm  Crops  department  has  found  it  advisable  to  conduct  numerous 
corn  variety  tests  well  distributed  over  the  State,  as  well  as  at  the  Ex- 
periment Station. 

These  tests  show  that  there  is  a  great  difference  in  the  yielding  ability 
of  varieties  grown  in  all  Michigan  corn  localities.  Some  strains  will 
out-yield  others  by  40  to  50%.  Taking  the  year  1919,  for  example,  in 
24  tests  the  average  of  the  highest  yielding  varieties  was  59.21  and  the 
average  of  the  lowest  yielding  varieties  was  35.44  a  difference  of  23,77 
bushels. 

Without  doubt,  if  the  leading  varieties  of  various  districts  were 
adopted  as  standards,  corn  yields  would  be  greatly  increased.  Com 
variety  tests,  the  past  few  years,  have  shown  that  there  are  many  local 
varieties  of  merit  which  should  be  more  widely  grown. 

The  accompanying  table,  No.  2,  gives  the  yields  of  typical  varieties  in 
tests  held  in  a  number  of  Michigan  counties  in  1919. 

Table  No.  3  gives  the  yields  of  a  number  of  representative  Michigan 
com  varieties  in  variety  tests  conducted  at  the  Michigan  Agricultural 
College. 
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TABLE  NO.  2— 
•SECTIONAL  VAKIICTY  TESTS— COKN  ]!tl9 

YIELDS  OF  STANDARD  AND  LHADIXU   VARIETIES 

(BUSHELS  PER  ACftX) 
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THE  LESSON  OF  1917  AND  1918 

The  costly  and  almost  disastrons  experience  of  1917  aud  '18,  demon- 
strated b^ond  argument  that  the  ordinary  methods  of  selecting  and 
curing  seed  com  practiced  up  to  that  time,  were  not  dependable.  The 
safety  of  the  entire  crop  was  endangered  by  the  abnormal  weather  con- 
ditions of  the  fall  of  1917,  and  extremely  severe  winter  weather  of  1917 
and  '18,  and  the  lack  of  widespread  selection  in  the  field  and  proper 
caring  of  seed  com.  Even  in  an  average  season  there  is  a  great  loss  in 
yield  through  the  failure  on  the  part  of  a  great  number  to  follow  proper 
methods  of  seed  selection. 

During  the  early  spring  of  1918,  it  was  necessary  for  the  Michigan  War 
Preparedness  Board  to  secure  from  outside  sources  approximately  100,000 
bushels  of  seed,  or  about  two-fifths  of  the  seed  corn  planted  in  Michigan, 
in  order  to  plant  a  nearly  normal  acreage.  This  corn  was  brought  largely 
from  New  York,  New  Jersey,  Delaware  and  South  Dakota.  The  eastern 
com  was  of  high  germination  and  proved  to  be  excellent  for  ensilage  pur- 
poses. The  western  com  was  not  in  such  good  condition,  but  proved 
in  many  instances,  to  be  well  adapted  for  grain  purposes  and  will  un- 
doubtedly prove  to  be  of  lasting  influence,  particularly  the  Wimples  and 
Silver  King  varieties  distributed  in  southern  Michigan. 

The  dire  conditions  resulting  from  the  adverse  conditions  of  1917 
and  '18,  were  met  successfully,  chiefly  due  to  the  fact  that  Michigan's 
War  Board  realized  the  great  importance  of  the  com  crop,  darit^  war 
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times,  and  advanced  approximately  f350,000  to  serve  as  a  revolving 
land  for  tlie  purchase  of  seed  corn.  Their  action  resulted  in  seciiring 
enough  seed  at  an  early  date  (or  the  production  of  an  almost  normal 
crop.  During  peace  time^,  it  is  extremely  doubtful  that  a  like  fund  could 
be  made  available.  Should  the  same  weather  conditions  result  as  in 
tlie  fall  of  1917,  and  find  the  same  methods  followed  in  selecting  seed, 
Michigan  farmers  would  face  a  much  greater  loss  than  was  experienced 
in  1918. 

The  wide  spread  field  selection  of  seed  corn  in  the  fall  and  the  proper 
storing  of  early  selected  ears  would  make  such  a  calamity  to  the  com 
crop,  as  was  threatened  in  1917,  impossible,  and  would  greatly  increase 
annual  returns.  It  is  sincerely  hoped  that  a  number  of  favorable  seasons 
will  no<t  lull  Uicbigau  farmers  into  a  sense  of  false  security,  and  that  the 
practice  of  field  selection  and  proper  storing  of  seed  corn  will  be  more 
wide  spread  than  it  was  even  in  the  fall  of  1918,  following  the  great 
seed  corn  famine. 

No  two  factors  will  go  further  toward  immediately  increasing  the 
yields  of  corn  in  Michigan,  than  the  proper  selection  and  handling  of 
seed  corn. 


The  common  practices  of  selecting  seed  com  from  the  crib  or  when 
husking  the  general  crop  are  too  costly  to  be  continued.  Such  corn 
usually  germinates  poorly  and  may  resnlt  in  poor  stands.  It  is  ex- 
tremely important  that  the  most  mature  and  highest  yielding  com  of 
each  season's  crop  be  selected  in  the  field  and  properly  stored  to  furnish 
seed  for  planting  the  next  spring. 

ADVANTAGKS    Oh'   FIKLH   SELlvtH"! NH    MEKD   CORN 

The  great  ndvantage  of  selecting  seed  com  in  the  field  before  the  crop 
is  hanested  lies  in  the  fact  that  mature  corn  is  secured  and  that  a  study 
of  the  plant  on  which  the  ear  grew  and  of  its  environment  can  be  made. 
In  selecting  from  the  shock  or  from  the  crib  little  is  known  of  the  par- 
ent plant  or  the  condiitions  under  which  it  grew.  Corn  which  has  stood 
in  the  shock  or  in  the  crib  is  more  or  less  seriously  injured  by  the  de- 
velopment of  molds  or  by  freezing  while  in  a  moist  condition. 

It  has  been  demonstrated  that  the  com  plant  is  easily  altered  by 
proper  selection  methods.  Yield,  time  of  ripening,  position  and  charac- 
ter of  ear  and  even  feeding  value  can  be  changed  within  wide  limits. 
Field  selection  and  proper  storing  as  compared  with  prevailing  selection 
methods  will  usually  increase  the  yield  of  ordinary  corn  varieties  from 
seven  to  ten  bushels  per  acre.  Enough  com  to  plant  twenty  acres  can 
be  easily  field  selectetf  in  a  day's  time  by  one  man.  With  a  seven-bushel 
increase  per  acre  the  corn  grower  who  plants  twenty  acres  of  com  will 
be  rewarded  with  140  bushels  in  his  next  season's  crop  or  at  pres«it 
prices  fl40  a  day  or  more  for  his  labor  in  field  selecting  and  storing — 
admittedly  a  profitable  day's  work. 
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HOW  TO  FIELD  SELECT  CORN  FOR  SEED 

The  proper  time  to  field  select  seed  corn  ia  in  late  September  or  dur 
ing  October  when  corn  ia  sufQciently  mature  and  ready  to  bask.  In  mark- 
ing the  selection,  the  best  way  ia  to  walk  down  the  rows  with  a  sirck 
tied  over  the  shoulders,  or  carrying  a  basket,  plucking  those  ears  which 
are  considered  desirable.  Mature  ears  borne  on  vigorous  plants  grow- 
ing under  average  conditions,  which  are  carried  at  the  right  height, 
about  the  center  of  the  stalk  or  just  below,  and  with  tips  slightly  droop- 
ing, should  be  selected,  then  properly  stored.  Ears  should  not  be  taken 
from  lodged  or  "down"  stalks,  since  the  root  systems  of  such  plaots 
may  have  been  weakened  by  fungous  diseases,  which  may  be  carried  in 
the  seed. 

If  field  is  to  be  harvested  for  silage,  or  is  immature,  due  to  early 
frost,  vigorous  plants  carrying  heaviest  and  most  mature  ears  should 
be  cut  and  shocked  at  edge  of  field.  After  standing  for  several  days  or 
until  ears  are  firm,  the  ears  should  be  husked  and  cured  for  seed. 

Further  selection  for  uniformity  of  type  and  composition  can  be  made 
through  the  winter  or  when  making  the  germination  test.  By  proper 
field  selection,  any  farmer  in  Michigan  has  it  in  his  power  to  markedly 
improve  his  corn  variety. 


10.     Oood  Ked  c 
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11.     SclecllDg  Kfd  coro  before  cuttlnx  (or  tilage. 

VIgaroUi  stalks  csrrylag  sufflclentlT  matarpd  ears  are  cut  and  abocked  at  edca  of  Seld. 
Tbe  can  are  busked  aud  cured  far  aced  after  stoDdlng  Id  sbock  Dntll  kemell  «t«  Bofllcteollj 

(Picture  lakeD  on  (arm  at  JasoD  Woodman.  TnnBaren  Count;.  Sept.  IBIB) 
CtlRlNO    AND    STORISi;    SEED    COHN 

Good  seed  com  can  only  be  secured  by  thoroughly  drying  carefully 
selected  ears  before  being  exposed  to  freezing  weather.  In  late  Septem- 
ber and  during  October,  corn  as  it  comes  from  the  field  contains  from 
thirty  to  forty  percent  moisture.  In  this  condition  it  is  easily  damaged 
by  molding  and  freezing.  In  order  to  retain  its  vitality  it  most  be 
rapidly  dried  so  as  to  pass  throngh  the  winter  with  a  moisture  content 
of  twelve  to  fifteen  percent. 


12.    PracUcBl  metbods  of  drjlng  seed  corn.  Free  Tentllutlou  Is  neeeasary  for  Tapld  4ijin 
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Immediately  after  harvest,  corn  for  seed  should  be  placed  where  it 
will  receiye  free  ventilation  in  order  to  dry  rapidly.  No  two  ears  should 
be  allowed  to  touch.  Many  excellent  devices  for  drying  and  curing  seed 
corn  are  in  common  use.  The  ears  may  be  strung  on  binder  twine  and 
hung  from  a  rafter.  Wire  racks  on  which  the  ears  are  impaled  may 
be  made  from  woven  wire  fences,  or  may  be  purchased.  Racks  may  be 
easily  constructed  from  two-by-fours  and  laths  on  which  the  ears  may 
be  laid.  These  racks  should  be  placed  in  the  attic  or  spare  room  in  the 
house,  tool  room,  etc.  A  well  ventilated  room  is  necessary.  A  cellar 
without  furnace  is  as  a  rnle  a  poor  place  to  store  seed  corn.  During 
the  early  period  of  drying  all  windows  should  be  opened  so  as  to  remove 
esceas  moisture. 

Corn  properly  dried  will  not  be  greatly  damaged  by  freezing  but  it 
is  best  to  store  where  it  will  not  be  exposed  to  extreme  cold. 

Where  large  amounts  of  seed  are  to  be  handled,  special  corn  drying 
houses  are  desirable,  equipped  with  numerous  windows  or  panels  which 
will  give  free  circulation  of  air,  and  a  stove  to  furnish  artificial  heat  to 
hasten  drying  and  prevent  freezing. 

SEED  COBN  DRYIKO  HOCSE 

For  the  man  who  wishes  to  engage  in  the  production  of  improved 
seed  corn  and  its  sale  for  seed  year  after  year,  a  seed  corn  drying  house 
is  essential.  In  even  the  most  unfavorable  fall  and  winter  seasons,  corn 
may  be  properly  dried  and  protected  from  freezing  by  the  use  of  artificial 
heat  used  in  connection  with  proper  ventilation.  A  drying  room  or  dry- 
ing house,  given  over  entirely  to  corn  can  be  safe-guarded  against  mice 
and  insects  and  will  provide  an  excellent  place  for  selection  for  improve- 
ment during  the  winter.  Since  it  can  be  kept  under  lock  and  k^,  chil- 
dren and  strangers  will  not  disturb  the  work  under  way. 

Such  a  drying  bouse  can  be  built  at  a  cost  of  from  f200  to  |500  and 
will  have  a  capacity  of  from  800  to  1000  bushels.  During  a  season  such 
as  1017,  a  corn  drying  house  filled  to  capacity  would  have  been  paid 
for  several  times  over  in  the  resulting  sale  of  properly  cured  seed.  The 
drying  house  also  furnishes  a  proper  room  for  preparing  corn  for  ship- 
ment, ear  row  work,  keeping  records,  etc.  It  should  be  equipped  with 
racks  or  hangers  of  a  convenient  type,  should  be  provided  with  free 
ventilation  and  heated  for  at  least  three  weeks  after  the  corn  is  first 
hung  with  all  ventilators  open.  During  a  cold  snap,  beat  should  be  ap- 
plied during  the  winter.  The  cheaper  type  of  round  bellied  stoves,  or  an 
old  stove  that  has  been  discarded  will  furnish  sufficient  heat. 

A  number  of  those  corn  drying  hou-ses,  say  five  or  more  to  each  county 
in  central  and  southern  Michigan,  will  insure  the  planting  each  year 
in  Michigan  of  seed  corn  of  high  germination.  The  best  corn  for  Michi- 
gan, generally  speaking,  is  native  Michigan  grown  stock.  For  silage 
puri)oses  in  northern  Michigan  there  are  no  better  varieties  than  corn 
from  central  Michigan,  and  in  central  Michigan,  either  home  grown 
stock  or  corn  from  southern  Michigan,  will  prove  best  for  silage.  The 
men,  who  make  it  a  business  of  growing  seed  and  are  properly  eqnipped 
for  curing  and  preparing  for  shipment,  can  be  assured  of  profitable 
returns.  ■  ,--•  i 
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A  HCd  corn  rack,  which  loiarei  proper  carlnK,  i 


14.     A   wed   corn   Shipping   CraM. 

Com  ablpped  on  the  ear  ibonld  be  cnrried  in  cratei  which  will  provide  Ire«  T«nMi>.M~_ m 

protect  from  mice  or  raU.    The  space  ut  Bldf  li  screened  with  fly   u^^^  ^ 
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TESTING  GERMINATION 


"Test,  <lon't  guess"  was  first  applied  to  corn  by  Mr.  1*.  G,  Iloklen,  a 
native  of  Michigan,  in  pointing  out  tlie  importance  of  testing  the  ger- 
mination of  each  ear  of  com  to  be  planted.  Careless  methods  of  stor- 
ing seed  corn  make  it  absolutely  imperatire  that  seed  corn  shonld  be 
tested  before  planting. 

Experience  has  shown  that  it  is  impossible  to  surely  distinguish,  by 
outward  appearance,  or  the  Itnife  blade  test,  between  ears  of  good  ger- 
mination and  ears  of  low  vitality.  The  only  accurate  method  is  testing 
in  the  germlnator.  The  sawdust  box,  sand  box  or  rag  doll  tester,  and 
special  manufactured  seed  com  germinators  are  all  efflcient. 

THE    SAWDi:ST  BOX   TESTER 

Construct  square  box  2  ft.  by  2  ft.,  3  inches  deep.    Cut  piece  of  white 

cloth  to   fit  and  marli  off  In    center  with  heavy  lead    pencil  a   square 

20"x20";  divide  into  100  squares  2"  x  2".     Number  upper  squares  1,  2, 

3,  4,  5,  6,  7,  8,  9,  10  at  top,  and  left  side  row  1,  11,  21,  31,  41,  61,  61,  71, 

.  81,  91. 

Place  one  inch  of  sawdust  moistened  in  warm  water  in  bottom  of 
box,  pack  firmly  and  smooth  evenly.  Moisten  marked  cloth  and  spread 
over  sawdust  on  box. 

Number  ears  to  be  tested  and  place  where  they  will  be  undisturbed. 
Extract  with  penknife  six  kernels  from  each  ear  beginning  near  butt 
and  turning  ear  slightly  as  each  Is  extracted  taking  last  near  tip. 
Place  kernels  In  square  numbered  to  correspond  with  ear,  germ  face 
up,  tips  toward  the  bottom  of  box. 


box  gcnziliifttor,  gboirn  above. 

..      —    _._ „ _,,    tlpi  down.  Id   each    Moare. 

t  edge  or  box  are  numbered  1.  2,  3.  4,  B.  e.  T,  8,  S,  10.  and  bIddk  top  S,  11. 
Bl.  el,  Tl  81,  St.  tbua  Indicating  tbe  number  of  each  aquare.  Number*  rans- 
•-  ■"■  — —■ ■  *- '- ■    --" "  eat  planted  Id 
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When  all  squares  are  filled,  cover  with  moistened  cloth  22"x22". 
A  third  cloth  or  sack  should  be  gpread  over  box  and  1%"  of  moist  saw- 
dust spread  evenly  over  top. 

Place  box  in  warm  room  in  slightly  inclined  position  bo  that  the  tips 
point  down. 

Inspect  after  several  days  and  moisten  if  necessary.  The  test  is  ready 
to  read  in  seven  days.  In  taking  test,  roll  back  upper  cloth,  removing 
sawdust  and  carefully  remove  cloth  over  kernels. 

Kernels  from  good  ears  should  show  vigorous  sprout  and  root  de- 
velopment. Kernels  which  fail  to  grow,  or  which  produce  weak  sprouts, 
or  moldy  sprouts,  come  from  ears  unfit  for  seed  and  the  ears  correspond- 
ing to  tiieir  numbers  should  be  discarded. 

THE    RAG-DOLL   TESTER 

Cut  cloth  (cambric,  muslin,  or  fiannd)  into  strips  five  feet  long  and 
ten  inches  in  width.  Bisect  lengthwise  with  heavy  pencil  line.  Be- 
ginning about  fifteen  inches  from  end  draw  eleven  cross  lines  at  right 
angles  to  center  line,  three  inches  apart.  Number  spaces  from  one  to 
ten  on  upper  side  of  line  and  eleven  to  twenty  on  lower  side. 

Select  and  number  ears  to  be  tested.  Dampen  cloth  and  lay  out 
smoothly  on  table.    Remove  sis  kernels  from  different  parts  of  ear 


16.     Th«  EiK  noU  test  Ie  cODvealeDt  and  dependnbtc. 

Sem^lB  wblch  shoiT   Btrong  sproutB.   fr«e  trom   mold  or  other  fungoiu  Brovth.  Indicate 

ears  which  are  lafe  for  Bccd  purpoBca.     KerDclB.   which  fall  to  iprout  or  pn>dace  weak  or 
moldf  BproutB.  lodlcate  entB  which  Bhould  be  discarded. 


number  one  and  place  germ  side  up  in  space  number  one,  tips  pointing 
in  same  direction.  Proceed  with  each  ear  in  like  manner.  When 
spaces  are  filled  roll  carefully  so  as  not  to  displace  kernels  and  tie  roll 
around  center  with  string,  place  each  roll  as  finished  in  bucket,  cover 
with  lukewarm  water  for  several  hours.  Drain,  and  cover  top  with 
damp  cloth  or  newspaper.  Place  in  warm  I'oom.  After  several  days 
moisten  with  warm  water.  On  seventh  day  test  is  usually  ready  to  read. 
To  read  test  unroU  cloth  carefully  on  table  and  study  kernels  in  each 
square.  Discard  all  ears  corresponding  fo  squares  showing  dead  ker- 
nels which  produced  weak  sprouts  or  mouldy  sprouts.  Bave  for  plant- 
ing ears  with  kernels  showing  strong,  clean,  stem  and  root  sprouts. 
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COMl'OSITB  TEST 


To  test  germination  of  slieUed  corn  or  to  secure  approximate  condi- 
tion of  ear  com  a  composite  test  of  100  kernels  should  be  made.  In  tak- 
ing samples  of  ear  com,  extract  100  kernels  from  each  of  100  ears 
representative  of  entire  lot.  Place  kernels  in  rag  doU  or  sawdust  box. 
After  seven  days  count  kernels  which  show  strong  germination.  It  will 
pay  to  ear  test  com  of  less  than  95%  germination. 


1  *od.  plowed  Id  (alt  or  earl;  >prlDg  makei  on  excellent   foundation  far  i 


THE  CULTURE  OP  CORN 

Com  thrives  best  on  loams  and  clay  loams,  sufBciently  drained,  and 
well  chai^^  with  organic  matter  and  the  mineral  elements  of  fertility. 
It  is  not  well  adapted  to  light  sand;  soils  or  poorly  drained  soils.  It 
is  often  possible  by  the  addition  of  mauure,  the  turning  under  of  a  green 
manuring  crop,  and  applications  of  mineral  fertilisers,  to  make  light 
loams  produce  good  crops  of  corn.  It  is  also  possible  to  drain  poorly 
drained  clay  and  muck  areas  and  secure  good  yields  from  suflBciently 
early  varieties,  bat  the  most  profitable  and  successful  crops  result  on 
fertile  loams  and  clay  loams,  and  it  is  on  these  soils  that  extensive 
com  production  occurs  and  should  be  most  largely  encouraged. 
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rRErARING   CORN    LAND 

Fall  plotcing  or  early  spring  plowing  to  a  depth  of  7  inches  or  more, 
is  the  best  beginning  for  a  good  seed  bed  for  corn.  Frequently  the  gain 
m  crop  yields  resulting  from  early  and  deep  plowing  in  fall  or  early 
spring,  as  compared  to  late  spring  plowing,  is  sufficient  to  more  than 
offset  the  entire  cost  of  plowing.  Moisture  is  retained,  the  seed  bed 
settles  firmly,  and  insects  are  largely  controlled  when  land  is  plowed 
in  the  fall. 

Fall  plowed  land  should  be  allowed  to  go  through  the  winter  in  the 
rough,  that  is,  as  turned.  In  this  shape  it  catches  and  holds  snow  and 
absorbs  rain.  As  soon  as  in  condition  to  be  worked,  fitting  with  disc, 
harrow  or  spring  tooth  siionld  begin  in  the  spring.  Early  spring  plowing 
should  be  followed  by  roller  and  barrow. 

The  thorough  fitting  of  the  seed  bed  for  corn  saves  labor  in  later 
cultivations,  as  well  as  increasing  the  yield.  At  intervals  of  ten  days 
or  two  weeks  either  fall  or  spring  plowed  land  should  be  harrowed  or 
disced  thoroughly,  beginning  as  soon  as  ground  can  be  worked  in  the 
spring.  When  fitting  the  seed  bed  weeds  can  be  most  economically  con- 
trolled, and  a  great  saving  accompli-shed  in  the  time  and  expense  neces- 
sary in  controlling  weed.s  after  planting  the  crop.  Harrowing  and  disc- 
ing before  planting  are  much  less  costly  methods  of  weed  control  than 
cultivating  between  the  rows,  and  in  these  times  of  high  labor-cost, 
thorough  preparation  before  planting  is  an  important  step  towards 
economy  of  production. 

It  is  usual  to  plant  com  after  sod,  applying  manure  before  plowing. 
Sod  land  is  generally  more  easily  prepared  in  the  fall  and  early  spring. 
The  early  plowing  gives  time  for  the  thorough  incorporation  of  sod  and 
manure  with  the  soil.  Com  planted  on  land  prepared  late  in  the  spring 
is  much  more  liable  to  injury  from  drought,  insects,  and  weeds. 

When,  it  is  necessary  to  plow  late  in  the  spring  for  corn,  the  ground 
should  be  very  thoroughly  rolled  to  compact  firmly.  The  rolling  should 
be  followed  by  thorough  and  frequent  discing  and  harrowing. 

A  good  seed  bed  for  corn  should  be  well  settled  at  the  bottom  of  the 
furrow  slice  and  as  approaching  the  condition  known  as  "garden  tilth" 
as  nearly  as  possible  at  the  surface, 

riCltTll.IZIXn    THE   CORN    CBOr 

Corn  makes  excellent  use  of  manure.  Applications  previous  to  plow- 
ing or  when  fitting  the  land  of  6  to  8  tons  of  manure  are  followed  by 
ji  marked  increase  in  yiold.  The  use  of  acid  phosphate,  or  a  fertilizer 
high  in  [diospUonis,  in  connection  with  manure,  results  in  further  in- 
creasing the  yield  and  noticeably  hastens  maturity.  The  application 
of  200  to  ;{0y  lbs.  of  acid  i>liosj>liale  or  of  a  commercial  fertilizer  high 
in  phosidiorus,  is  reconiuicinlcd. 

On  light  or  badly  run  land,  a  complete  fertilizer  such  as  a  2-10-2  or 
a  2-A-'2,  ciirrying  iiitiogen,  pliOHph(irns,  and  potash  may  give  goiKl  re- 
turns. 

Ou  mufk  .soils  fertilizers  Jiigli  in  potash  and  phosphorus  are  necessary 
for  continued  success  with  corn. 

Digitizecoy  Google 
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Best  results  are  secured  from  fertUizer  by  applying  broadcast  when 
fitting  seed  bed.  An  amount  of  more  than  160  lbs.  per  acre,  drilled  in 
the  rows,  may  cause  concentration  of  corn  roots  close  under  the  hill, 
or  injure  sprouting  seed,  thus  leaving  the  crc^  in  poor  condition  to  with- 
stand periods  of  drought.  On  light  soil,  when  planting  late  under  dry 
conditions,  the  use  of  not  more  than  half  this  amount  may  be  advisable* 
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The  foregoing  results  from  rotation  and  fertilizer  experiments  at  the 
Michigan  Agricultural  College,  covering  a  period  of  six  years  are  re- 
ported by  Professor  V,  M.  Shoesmith  in  the  annual  report  of  the  State 
Board  of  Agriculture  for  1917,  Farm  Crops  Division : 


so.    Acid  Pholpliate.  otber  commerclnl  terttllzen.  or  lime 

*t  time  of  BtttDK  tbe  K«d  bed.     An  appUcntloD  of  tmin  200  to 

tuiuU7  givei  marked  Increase  In  ^ielaa  of  corn  and  bnateDS 
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PLANTING   CORN 


The  most  favorable  time  to  plant  com  varies  with  the  latitude,  alti- 
tude, soil  and  drainage  condition,  and  location  with  reference  to  lai^ 
bodies  of  water.  In  southern  Michigan  the  average  range  of  the  best 
period  for  planting  is  from  May  1st  to  20th ;  in  central  Michigan  coun- 
ties May  10th  to  25tb ;  and  in  the  northern  part  of  the  Lower  Peninsula 
and  in  the  Upper  Peninsula  May  20th  to  June  5th.  In  general,  early 
plantings  within  the  periods  named  are  advisable.  In  exceptionally 
early  seasons  corn  can  be  planted  safely  at  an  earlier  date  than  given 
above  and  in  extremely  late  seasons  the  planting  time  may  be  delayed 
to  a  later  date  than  indicated. 

The  best  time  to  plant  corn  varies  also  with  individual  seasons;  hence, 
the  old  sign  of  the  Indians  for  a  safe  planting  time — "when  the  leaves 
of  the  White  Oak  are  the  size  of  squirrel's  ears" — can  be  taken  as  an 
excellent  guide.  Long  years  of  observation  have  proven  the  dependa- 
bility of  this  Indiap  sign. 

Rate  of  Planting: 

The  advisable  rate  of  planting  depends  on  length  of  growing  season 
and  fertility  of  soil.  In  southern  Michigan  counties  on  fertile  corn 
groDnd  the  usual  method  is  to  plant  in  hills  42  to  44  inches  apart, 
dropping  three  kernels  per  hill  or  drilled  in  rows  42  to  44  inches  apart 
dropping  a  kernel  every  14  inches.  On  lighter  soils  of  the  extreme 
southern  counties  it  is  usual  to  plant  2  kernels  per  hill  44  inches  apart. 


31.    Com  atarta  beit  on  a  well  mrfaced  wed  bed  with  rarrow  tllce  wtU  Mttled. 

In  central  Michigan  the  usual  distance  between  hills  is  3S  to  42 
inches,  dropping  3  kernels  per  hill  or  planting  in  rows  38  or  42  incbes 
apart  with  a  kernel  every  12  to  14  inches. 

In  northern  Michigan,  sections  3  and  4,  corn  is  usually  planted  in  hills 
3  or  4  kernels  per  hill,  36  to  38  inches  apart.  The  varieties  are  smaller 
and  seed  can  be  planted  thicker. 

For  silage  the  rates  above  mentioned  may  be  used  if  part  of  the  field 
is  to  be  handled  for  grain.  Somewhat  thicker  planting,  drilling  in 
rows  36  to  42  inches  apart  with  kernels  every  10  inches  apart,  will  in- 
crease the  tonnage. 
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For  grain  purposes  from  4  to  5  quarts  per  acre  ia  sufiScient,  and  for 
silage  purposes  the  rate  of  planting  rangee  from  5  to  8  quarts  per  acre. 

TOie  depth  of  planting  com  varies  with  the  soil.  On  well  drained 
loams  iy2  to  2\^  inches  is  the  proper  depth  and  on  heavy  clay  or  clay 
loams  1  to  2  inches. 

CULTIVATING    CORN 

It  is  an  excellent  practice  to  harrow  immediately  after  planting  with 
smoothing  harrow.  On  heavy  land  it  is  safe  to  use  a  spike  tooth  harrow, 
with  teeOi  set  slanting,  until  the  com  appears  above  the  ground.  The 
weeder  may  be  employed  until  the  com  is  6  to  8  inches  in  tieight  The 
first  cultivation  with  the  corn  cultivator  may  be  made  as  soon  as  the 
com  is  high  enough  so  that  the  rows  can  be  easily  followed.  This 
cultivation  should  be  deep,  at  least  4  or  5  inches  and  close  to  the  rows. 
The  second  cultivation  should  come  from  5  to  8  days  later,  and  should 
not  be  quite  so  deep.    Throwing  dirt  to  the  plants  when  making  early 


22.     Frequent  ahanon  cultlTotloiia  nre  necessar;  tn  control  weeds  and  keep  lurface 
In  good  tlltb. 

cultivations,  covers  and  kills  small  weeds  in  row.  The  following  culti- 
vations should  be  made  at  intervals  of  one  week  to  ten  days,  and  should 
be  shallow,  not  going  to  more  than  3  inches  in  depth.  Care  should  be 
taken  not  to  approach  too  near  the  com  plants,  in  later  cultivations,  thus 
causing  injury  through  pruning  feeding  roots.  It  should  be  kept  in  mind 
that  after  a  period  of  35  to  40  days'  growth,  the  roots  of  the  com  plant 
interlace  between  the  rows,  and  closely  approaching  the  surface,  filling 
the  space  between  the  hills  with  a  dense  net-work  of  fine  feeding  roots. 
Cultivation  deeper  than  2  or  3  inches  or  too  close  to  the  plant  at  this 
time  will  cut  these  important  feeding  roots,  and  cause  a  decrease  in 
yield. 

From  four  to  six  cultivations  are  usual,  depending  on  the  seasoii. 
Additional  cultivations  generally  give  a  slight  increase  in  yidd,  but  too 
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niao7  cultivations  may  cost  more  than  the  increase  in  yield  Till  pay 
for.  The  number  of  cultivations  necessary  will  depend  on  the  season 
and  the  condition  of  the  land.  It  is  imperative  that  cultivation  be  sofB- 
ciently  frequent  to  efTectively  control  weed  growth.  ThoroDgh  prepara- 
tion before  planting  will  lessen  the  number  of  cultivations  necessary  as 
compared  to  land  not  so  well  fitted. 

Cultivators  carrying  numeroas  email  shovels  or  blades,  designed 
to  accomplish  thorough  surface  cultivation,  have  rapidly  displaced  the 
old  type  of  com  cultivators  carrying  larger  and  fewer  shovels. 


23.    After  forty  dnjs'  growth  com   roots  Intcrlnce  betwetn  the  rows  cloBe   to   the  turTnce. 
Shallow  cDltlTutlua  Is  ndvlinble   lo  preveot  prunlns  o(  surfncc  feedlos   roota. 

IIARV^STINC   CORN   FOR  GRAIN 

Corn  is  ready  to  harvest  when  fully  mature  or  when  growth  is  stop- 
ped by  heavy  frost.  In  Michigan  the  usual  method  is  to  cut  and  shock, 
husking  later  from  the  shock  and  storing  in  cribs. 

Under  average  conditions,  the  moisture  content  in  Michigan  corn, 
at  the  time  of  harvest,  ranges  from  25  to  as  high  as  40%.  It  is,  there- 
fore, advisable  to  store  in  cribs  properly  constructed  to  oflEer  proper 
ventilation.  The  cribs  should  be  made  narrow,  or  if  broad,  should  be 
provided  with  central  ventilation,  made  of  properly  spaced  boards  or 
of  wire  attached  to  frames. 

The  accompanying  picture  No.  2i,  shows  crib,  constructed  by  Dean 
B.  8.  Shaw  of  the  Michigan  Agricultural  College,  for  storing  ear  corn. 
This  crib  has  given  excellent  service  during  years  when  ear  corn  was  high 
in  moisture  content 


It  has  been  estimated  that  from  40  to  50%  of  Micliigan's  corn  crop 
goes  into  the  silo.  In  many  counties  of  northern  Michigan  90%  of  the 
corn  crop  is  grown  for  silage  purposes.  The  widespread  use  of  the  silo 
has  carried  corn  growing  to  many  counties  in  northern  Michigan.  Dur- 
ing years  of  early  fall  frosts  the  presence  of  a  great  number  of  silos  in- 
sares  the  safe^  and  the  proper  harvest  and  most  economical  use  of  a 
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great  part  of  the  crop.  The  indlridnal  can  secnre  excellent  insDrancfi 
against  loss  of  feed  due  to  early  frosts  by  providing  anfflcient  ailo  ca,p»- 
city._  The  building  of  more  silos  throughout  the  state  tends  to  increase 
the  importance  and  dependability  of  the  com  crop. 


St.    A  practical  and  EcoDomlcsl  Trpc  of  Corn  Crib. 

Storace  cribs  abould  be  bultt  vElh  properly  spaced  sldiog  and  sufBcleDtly  narrow  to  pro- 
vide proper  TeDtllatlon.  It  the  com  Is  cxceedlngt)'  blcb  Id  mDlalurc.  TCDtllntort  alioiild  be 
constructed   witb   board   strips   oo   tvo-bf-tours,   or   wire   mesb   partltiona    down    center   of 


FhotDgnpb  takeo  od  farm  of  Dean  R,  S.  Shaw.  East  Lanalni.  Thla  crib  la  8  ft  x  IS  ft 
■od  8  ft  biEh  at  post.  It  waa  built  la  ISIB  at  a  cost  for  malcrial  at  feO-SS.  The  CBpadtr 
700  to  SOOliasheU. 

The  best  time  to  cut  com  for  ensilage  ia  when  the  crop  baa  practically 
matured  but  retains  enough  moisture  to  make  succulent  silage.  At  this 
stage  the  kernels  are  dented  and  glazed,  and  the  lower  leaves  of  the  plant 
are  brown.  Almost  two-thirds  of  the  food  value  of  the  mature  com 
plant  is  in  the  ear,  hence  it  is  desirable  that  a  good  ear  development,  as 
well  as  a  vigorous  growth  of  stalk,  be  produced. 
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NO.  4.     YIELD  OF  DIGESTIBLE  MATTER  IN  CORN 
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The  foregoing  table  (No.  4)  from  Farmers'  Bulletin  Ko.  578,  U.  S. 
D.  A.,  shows  the  yield  of  digestible  matter  in  the  ear  and  in  the  stalk  of 
the  com  planL 


NO.  S.     CHEMICAL  CHANOES  DURING  GROWTH  OF  CORN  PLANT 
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Table  No.  5 — From  Farmen'  Bulletin  No,  GTS,  IT.  S.  D.  A.,  ahonliiK  thg  chemical  ehuizes 
durlOC  tb«  ETOwth  of  the  com  plant.  Tbe  atudy  of  thia  table  briaga  oat  the  tact  tbat  the 
gnatMt  wdght  per  acre  of  food  material  ii  prodaced  wbeu  kemela  are  gjnmtd  or  fnllT 
BUttind.  TE«  beat  lllage  i*  made  when  com  Is  cut  wben  tbe  keroeli  are  glased  and  dCDted, 
and  while  the  atalk  and  ear  carr;  aufflclent  moliture  to  rnaku  iucculent  (liase. 
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When  com  is  injured  b;  heavy  frost  it  should  immediately  be  put 
into  the  silo  to  prevent  rapid  drying  out.  When  corn  has  lost  too  much 
water,  doe  to  over  maturity,  or  after  freezing,  to  make  succulent  silage, 
water  in  sufficient  amounts  should  be  added  when  the  silo  is  tilled. 

The  practice  of  snapping  the  ears  from  the  corn  and  making  silage  of 
stover,  reduces  the  feeding  value  of  the  silage.  This  method  may  be  a 
convenient  way  to  handle  stover  where  ear  corn  is  used  to  feed  hogs  or 
other  stock,  but  it  cannot  be  expected  that  silage  made  from  stover  will 
produce  as  good  gains  with  livestock  as  silage  made  from  stalks  carrying 
,  the  ear.  Stover  silage  is  a  cheap  form  of  roughage  for  carrying  breed- 
ing stock  or  feeders  over  winter,  but  is  not  advised  for  feeding  dairy 
stock  for  production  or  for  fattening  beef  animals. 

Good  fields  of  silage  corn  will  yield  from  12  to  16  tons  of  silage 
material  per  acre. 

ilOCOING  DOWN  CORN 

Hogging  down,  or  pasturing  off,  corn  with  hogs  is  a  practice  which  has 
gained  rapidly  in  lower  Michigan  counties  during  the  past  few  years  of  la- 
bor scarcity.  It  has  been  proven  by  numerous  experiments  that  this  method 
of  harvesting  corn  is  economical  in  saving  labor  of  Iiarvesting  and  of 
feeding,  and  also  from  the  standpoint  of  the  gain  and  weight  of  hogs 
being  fattened.  The  manure  produced,  is  left  directly  on  the  ground, 
thus  benefiting  the  land  and  preventing  a  waste  of  fertility.  Corn  may 
be  pastured  in  the  field  with  sheep  in  the  same  manner. 

One  man  can  handle  a  larger  acreage  of  corn  and  feed  out  more  hogs 
under  this  system  than  by  otlier  methods.  The  hogs  should  not  be  al- 
lowed to  cover  too  much  ground  at  one  time.  A  good  practice  is  to  fence 
off  the  part  of  the  field  to  be  hogged  down  by  use  of  a  2  ft.  woven  wire 
fence,  held  by  anchor  posts  at  either  side  of  the  field  and  supported  by 
occasional  posts  or  tied  with  binder  twine  to  hills  of  corn.  Hogs  should 
be  turned  in  when  corn  is  in  the  hard  dough  or  almost  mature  stage. 


26.    Alfalfa  paTet  tbe  waj  for  big  7lel<ts  <a  con. 
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All  or  part  of  the  field  may  be  hogged  down.  Four  to  eight  acres  can 
be  fenced  off  at  a  time.  When  the  area  is  cleaned  up,  fences  should 
be  moved  to  include  an  equal  area  of  stending  corn. 

Under  average  conditions,  in  com  yielding  40  bushels  or  80  baskets 
per  acre,  4  to  6  hogs  can  be  carried  per  acre.  Heavier  yields  will  carry 
more  hogs.  It  will  take  6  to  8  weeks  for  four  or  six  bogs  to  clean  up  an 
acre  of  good  corn. 

It  is  advisable  to  plant  rape,  rye,  or  soybeans  with  corn  which  is  to 
be  hogged  down.  Rape  should  be  planted  at  tbe  rate  of  two  pounds 
per  acre  of  Dwarf  Essex  Bape  at  the  last  cultivation  and  rye  at  the  rate 
of  one  bushel  per  acre  at  the  last  cultivation.  A  mixture  of  tlie  rape  and 
rye  is  often  more  effective  for  late  fall  pasture  than  either  seeded  alone. 
Rye  and  vetch,  at  rates  of  1  bushel  of  rye  to  20  pounds  of  hairy  vetch, 
ia  another  excellent  seeding  to  be  made  with  com  at  the  last  cultivation. 

Six  or  eight  pounds  of  soy  beans,  drilled  in  with  planter  attachment  or 
immediately  after  corn  is  planted,  furnish  additional  forage  for  hogs. 

Rye  can  be  grown  separately  to  furnish  an  early  grain  for  hogging 
off. 

Professor  O.  A.  Brown  of  tlie  Department  of  Animal  Husbandry  sug- 
gests that  a  protein  supplementary  ration  be  fed  in  cases  where  rape, 
rye  or  soy  beans  fail.  In  addition  to  the  com  being  bogged  off,  he 
suggests  the  feeding  of  skim  milk  or  tankage. 

CORN    IN   ROTATION 

The  corn  crop  ia  well  suited  to  Michigan's  cropping  systems  in  all 
sections  where  it  is  adapted.  Com  is  an  excellent  crop  to  grow  after 
meadow  or  pasture  crops.  The  plant  has  been  described  as  a  "rough 
feeder,"  owing  to  the  fact  that  it  can  apparently  make  the  best  use  of 
organic  matter,  such  as  sod  and  manure  which  has  not  yet  become 
thoroughly  incorporated  with  the  soil.  It  is  a  crop  which  requires 
thorough  cultivation;  hence,  offers  excellent  opportunity  for  the  control 
of  weeds  and  grass  after  a  sod.  Preparation  of  the  land  for  com,  and 
the  cultivation  given  the  crop,  leave  tlie  ground  in  excellent  condition 
■  for  a  following  crop  of  small  grain. 

Growing  corn  in  rotation  aids  in  maintaining  fertility  and  prevents 
extreme  loss  from  insect  pests  or  diseases.  Corn  smut  does  most  dam- 
age where  com  follows  corn  for  a  number  of  years.  Growing  corn  in 
rotation  with  other  crops  is  the  only  effective  meana  of  keeping  this 
disease  in  control.  Occasionally  considerable  damage  is  done  to  com, 
when  planted  after  an  old  sod,  by  the  grabs  or  larvae  of  the  Jnne  Beetle. 
Early  plowing  and  thorough  working  will  minimize  such  loss.  Fall 
plowing  is  particularly  effective.  A  newly  turned  meadow  or  pasture 
sod  will  pave  the  way  for  a  large  corn  crop. 

The  usual  rotations  including  com  are  the  following: 

1.  Three  year  rotation:  the  first  year,  clover  or  meadow;  second 
year,  com;  third  year,  small  grains  seeded  to  clover. 

2.  Four  year  rotation:  first  year  clover;  second  year,  corn;  third 
year,  oats,  and  fourth  year,  wheat  seeded  to  clover. 

3.  Four  year  rotation  including  beans,  and  beets:  first  year,  clover; 
second  year,  com,  beans  or  beets;  third  year  beans,  beets  or  corn;  and 
fourth  year  oata  seeded. 

4.  Five  year  rotation  including  timothy,  and  cl|q,i^r  m^^p^V^t^t 
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year,  clover  and  timothy  meadow;  second  year,  corn;  third  year,  oate 
seeded  to  clover  and  timothy;  foarth  year,  clover  and  timothy;  flftii  . 
year,  timothy  and  clover. 

5.  Six  year  rotation  inclnding  beans  or  beets:  first  year,  clover; 
second  year,  com,  beets  or  beans ;  third  year,  oats ;  fourth  year,  clover ; 
fifth  year,  beans,  beets  or  com,  and  sixth  year,  wheal  seeded  with  clover. 

6.  Alfalfa  3  to  5  years,  com,  com,  barley  or  oats  seeded. 
Rotation  1,  2,  and  3  are  most  frequent  in  southern  and  central  Hichi- 

gan. 

In  bean  and  beet  regions  4  and  5  are  often  followed.  Rotation  No.  6 
is  particularly  effective  in  the  up-keep  of  organic  matter  since  a  clover 
crop  occurs  every  third  year. 

An  alfalfa  sod  furnishes  excellent  condition  for  com,  and  owing  to 
the  success  with  which  this  crop  is  being  seeded,  the  more  general  use 
of  rotations  including  alfalfa  is'  highly  desired. 


CORN  SMUT 

In  .view  of  the  prevalence  of  corn  smut  and  the  importance  of  con- 
trolling this  disease,  the  following  discussion  has  been  prepared  by  Dr. 
G.  H.  Coons,  Plant  Pathologist  of  the  Michigan  Experiment  Station : 

rs  BEST   CONTROLLED  BY  KOTATION 

Every  year  at  harvest  time,  inquiries  come  as  to  the  cause  and  con- 
trol of  com  smut.  This  is  a  fungous  disease  related  to,  but  entirely  dis- 
tinct from  the  smut  diseases  linowu  for  other  crop  plants, — wheat,  oats, 
and  barley.  The  smut  affects  the  corn  at  almost  any  growing  part,  the 
stem,  the  leaf,  the  ear,  the  husk,  the  silk  or  the  tassel,  producing  a  swell- 
ing which  is  at  first  white  then  greenish  black.  The  attack  of  com  smut 
may  come  at  any  time  of  the  season  when  com  is  growing,  tbe  newly 
formed  tender  parts  being  most  subject  to  it. 

Typically  the  com  smut  fungus  lives  over  winter  in  the  old  stalks  in 
the  field.  These  live,  infectious  spores  in  the  spring  are  blown  by  the 
wind  to  tbe  young  com.  A  close  examination  of  com  about  a  foot 
high  will  reveal  a  plant  here  and  there  with  whitish  over-growths, — ^the 
so-called  smut  boils.  Only  a  few  of  these  are  formed,  bnt  they  mature 
thdr  spores  and  furnish  the  source  of  the  later  infections.  Over  and 
over  again  the  story  is  repeated  until  the  corn  shows  in  the  fall  a  liboul 
amount  of  this  wasting  disease. 

The  control  measures  for  com  smut  depend  upon  the  nature  of  the 
smut's  life  history.  Since  infection  takes  place  throughout  the  season, 
this  disease  cannot  be  prevented  as  is  oat  smut  or  wheat  stinking  smut, 
by  seed  treatment.  In  short,  any  recommendation  to  dip  seed  for  control 
of  com  smut  is  unwarranted. 

Since  the  source  of  smut  in  early  summer  is  largely  the  old  smutted 
stalks  of  last  year's  crop,  the  planting  of  corn  to  follow  com  augments 
most  seriously  the  amount  of  smut  infection.  Experience  in  Michigan 
with  field  com  has  indicated  that  with  the  ordinary  season  rotation  Is 
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enongh  to  prevent  excessive  loss  from  smut,  but  occaBional  occarrence 
arising  from  spores  blown  from  near-by  fields  must  be  expected. 

WiUb  a  crop  grown  intensively,  sucb  as  sweet  corn  or  special  lots  of 
seed  com,  rogueing  of  smutted  plants  early  in  the  season  is  certainly 
to  be  advised.  This  with  rotation  will  prevent  loss.  With  com  as  a  field 
crop  the  palling  and  destroying  by  fire  of  any  smutted  or  defomied  plants 
seen  during  cultivation  is  advisable.  It  is  not  known  whether  it  will 
be  practical  to  attempt  to  further  eradicate  the  early  infections  by 
field  inspections,  etc.  Whatever  is  done,  harvest  must  come  early  in  the 
season  before  the  smut  growth  gets  powdery. 

Farmers,  therefore,  must  not  rely  on  seed  treatment  for  corn.  Instead 
they  must  see  in  rotation  of  crops  their  best  ally  in  the  battle  with  a  wast- 
ing plant  disease.  The  hope  of  the  future  lies  in  the  securing  of  smut 
resistant  sorts,  but  as  yet  none  of  these  are  known  or  tested  for  Mich- . 
igan  conditions. 


D  in  a  proper  lotnUon  U  tbe  moit  •llNtlTe 
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OOKN   IMl'KOVKMl'^XT   TUItOUGH   ISTI-^NSIFIKD   8ELKCTI0N 

THK  EAR  HOW   TEST  AXD  REMXANT   SYSTEM 

Corn  is  an  extremely  adaptable  plant  in  tbe  hands  of  the  experienced 
breeder.  Only  a  few  hundred  years  ago  this  crop  was  grown  only  by 
the  American  Indian.  Judged  by  specimens  preserved  in  burial  mounds, 
and  by  varieties  found  in  the  hands  of  the  Indiana  by  incoming  set- 
tlers, com,  a'S  the  Indians  knew  it,  was  much  smaller  eared  and  of  in- 
ferior types  as  compared  to  present  standards.  In  the  hands  of  the 
white  man,  hundreds  of  varieties  have  been  created  to  suit  new  condi- 
tions and  nses. 

Possibilities  in  com  improvement  have  by  no  means  been  fully  realis- 
ed, in  spite  of  the  great  strides  which  have  been  made  in  com  develop- 
ment by  carefal  field  selection.    It  has  long  been  known  that  indiridaal 


r  DDlt.    (U.   A.    C.   EipcrlmeDt   SUtlon    ISIS.) 
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ears  of  corn  differ  markedly  in  their  productive  power,  maturity,  cliar- 
acter  of  growth,  etc.,  but  owing  to  the  fact  that  corn  is  open  or  cross 
pollinated  ander  field  conditions,  improvement  by  selection  is  com- 
paratively slow. 

More  rapid  results  can  be  secured  by  the  ear  row  test  and  tb^  rem- 
nant system  of  intensified  selection.  Briefly  stated,  this  method  con- 
sists in  planting  50  hills  or  more  in  marlied  rows,  properly  checlied, 
from  each  of  100  or  more  carefully  selected  ears,  the  ears  being  shelled 
lengthwise,  and  half  of  the  ear  reserved.  The  adaptation  and  yielding 
ability  of  the  ears  are  found  in  the  ear  row  test.  The  remnant  ears  from 
several  of  the  highest  yielders  are  planted  the  second  year  in  an  increase 
plat  and  multiplied  for  general  distribution. 

For  the  practical  corn  breeder  who  wishes  more  rapid  results  than 
come  from  simple  field  selection  the  following  method  is  suggested: 

1.  Select  in  field  at  time  of  maturity,  5  bushels  or  more  of  ears  froia 
J  variety  of  known  worth,  and  store  ears  properly. 

2.  In  late  winter  or  early  spring  carefully  select  100  or  more  ears 
of  the  beat  type  and  test  for  germination. 

3.  Select  at  least  40  ears  of  high  germination  and  superior  type  for 
planting  in  ear  row  test 


29.  Ecn  of  go«d  matnntr,  typ«,  aod  adaptatlOD  ■bould  b«  Klected  Cor  ear  rov  tett 
work.  Tbew  ean  are  tbeo  tested  far  sermmatloD  and  ahelled  leosthwise,  the  kersels 
which  are  (belled  belnc  naed  Id  maklps  ear  row  teat  and  cemoantB  beins  naerved  for  lelec. 
tloD  and  plaotliis  of  lEoae  abovD  best  b;  teat.     Half  of  ear  reaerred. 
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■t  wrapped  In  paper  and  cncIoMd  IQ  wire  ictmd  bu 
ind  iDiecU  until  leading  ear*  are  BMtttalned  b7  tart 
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4.  Shell  half  the  kernels  from  each  ear  leogthvise.  Place  in  en- 
velope, Dumbered  to  correspond  with  number  of  ear  on  tag,  pinned  to 
bntt  or  tied  to  ear. 

5.  Place  nnshelled  half  of  oara  carefully  on  rack,  ot  protect  by 
wrapping  in  paper  and  placing  in  bag  made  of  screen  mesh  to  exclude 
rodrata  and  insects  until  needed  the  next  year. 


S2.    AppCBrauct  of  IndlTidual  ein  no  nrc  Indlcadon  of  jleld. 
I  iBft  jitli  of  74.86  boibela  jftr  >cn  ■□<!  e«c  No.  974  oa  rlsht,  4»M  b 


6.  Plant  in  ear  row  test,  using  seed  in  envelope.  Select  uniform  soil 
amd  plant  s^nI  from  each  individual  ear  in  rows  SO  hills  or  more  long, 
with  check  every  4th  tow  planted  to  tested  aeed  of  the  same  variety. 

7.  Hark  each  row  with  stake  with  nomber  to  correspond  with  ear 
from  which  seed  was  taken. 

8.  Give  thorongh  cnltlvation,  noting  carefully  growth  from  seed  from 
evei  halt  ear.  cCoogk 
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9.  Harvest  each  row  separately,  weighing  up  stalks  and  ears.  Care- 
ful notes  should  be  taken  of  the  total  yield,  maturity  of  ears  and  per- 
cent of  marketable  com. 

10.  Wien  several  of  tlie  highest  yielding  and  most  desirable  rows  are 
ascertained,  the  remnficnts  or  ball  ears,  placed  on  the  shelf  the  year  be- 
fore, corresponding  to  the  numbers  picked  out,  are  separated  from  the 
remainder  of  the  remnants. 


88.     No.    ee«    row,    hlzheit    7leld.     Nate    hlEh    per    cent    merchantable    ( 
earl7   matarlng  ean  on  ]ett. 


3*.     No.    9T4    1 

rlfht   and   nnaU   

jleldlUK  IndlTldiial  ean. 

Planta  Irgm  Ng.  866  jlelded  at  the  rate  of  74.80  buahelH  per  acre  with  81%   marfceCBble  ear* 

and    a    large    Dumber    of    earlj    malurlDg    ears. 

FlBDta  from  No.  9T4  fielded  at  the  rate  of  4e.S»  bushels  per  acre  with  onl;  TOX  ol  ■narfte^ 

able  ears  and  a  amall  per  ceot  of  enrlf  maturing  ears. 

11.  Plant  the  increase  plat  the  secoud  year  from  seed  shelled  off  of 
the  highest  yielding  ears.  This  increase  plat  would  be  well  removed 
from  other  corn  fields  to  prevent  cross-pollination.  Usually  one  or  two 
quarts  of  seed  axe  available  from  the  leaders.  The  increase  plat  may 
be  planted  in  a  large  potato  or  bean  field,  corner  of  grain  field,  or  where 
protected  by  woods  or  bam  from  danger  of  cross-pollination  from  other 
corn.  OOgk 
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12.  Field  select  seed  from  increase  plat  in  the  fall.  From  four  to 
ten  bnsliels  of  selected  seed  corn  should  result.  This  will  provide  for  a 
Bubstantial  planting  of  20  acres  or  more  the  third  season. 

13.  Selection  may  he  intensified  by  picking  out  20  or  30  of  the  beet 
ears  from  the  increase  plat  and  planting  in  marked  area  for  the  third 
year's  increase  field.  Selections  for  further  ear-row  work  or  increase 
work  can  then  be  ma^e  from  this  marked  area. 

The  yield,  adaptation,  and  type  of  corn  can  be  greatly  improved  by 
this  intensified  method  of  selection. 

PlanL  breeders  are  securing  promising  results  by  self-pollinating  the 
corn  plant  to  secure  pure  lines  and  recombining  desirable  strains  so 
secured.  As  yet,  no  varieties  of  widespread  note  have  been  given  to 
farmers  by  this  method,  though  in  the  future  valuable  strains  may  be 
developed. 

EAR  ROW   RKSCLTS   SHOWING   VARIATIONS 
EXPERIMENT   STATIO.N   I'l^T,    1019 

As  an  example  of  variations  in  yiel4  and  maturity  brought  out  by 
ear  row  work,  the  following  table  of  data  on  eight  of  75  ears  included 
in  M.  A.  C.  ear  row  work  of  1919  is  ofifered : 


RowUqmhor. 

ac. 

Mnstun 

OniB 

IKTMBt. 

2.4 

71.3 

342 

gS3 

IE 

•eS9 

•37.1 

863 

».W 

•2S 

n.» 

•317 

SO 

E1.31 

'0 

71 

m 

87] 

12 

•82 

346 

878 

S 

7S 

322 

•889 

<S30 

5 

7Sfl 

342 

■837 

IS 

81 

31 

87 

J 

70 

321 

887 

13 

81 

31 

87 

a 

70 

321 

887 

•Row  No.  9.10  sliows  highest  yield  but  is  too  late  in  maturing. 

•Row  No.  9.12  shows  consistency  for  early  maturing  with  yield  slight 
ly  above  arerage  of  checks. 

•Row  No.  9.28— lateness  of  maturity  but  not  high  yield. 

•Row  No.  9.32 — shows  an  average  ear  in  market  quality. 

"Row  No.  9.3G  shows  high  selling  percent  but  not  high  yielding  abUity. 

Row  No.  9.11  shows  low  shelling  percent  and  low  yielding  ability,  bat 
not  necessarily  very  early. 

•Row  No.  9.60  shows  highest  yield  in  plat  and  uniform  excdlence  in 
other  desirable  characters.    Note  plate. 

•Row  No.  9.74  shows  low  yield  lack  of  early  maturity  high  percent 
of  nubbins  compared  with  N»  66.    Note  plate.  ,  CiI.)()q1c 

59  '- 
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K.    IndlTldDal  TOW*  In  tar  row  Ictt  put  ahockM  for  lurTMt— (H.  A.  C.  Bzp.  8ta.  1«U). 

Thii  method  U  b«lDK  •mplojed  Id  ImpraTlns  the  DuDcaa.  Ooldea  Olow  and  Bla^  BIItw  Klaif 

and  oUiu  TarUtlM.    SelMted  itralu  ar*  dlttriboMd  tbrongb  tb«  Crop  tmproToment  Amo- 


COUN  EXHIBITS 

Oorn  exhibits  have  played  a  valuable  part  in  the  development  and 
gpr^d  of  com  varieties.  These  occasions  bring  together  representativs 
varieties,  and  the  proper  placing  of  prizes  calls  attention  to  those  Thicfa 
are  best  adapted  and  best  suited  for  seed  purposes.  Com  growers  are 
given  the  opportunity  of  an  interchange  of  ideas,  and  the  attention  of 
the  general  public  is  directed  toward  the  importance  of  the  com  crop. 
Interest  on  the  part  of  the  corn  grower  is  stimulated  in  the  inspirationtd 
atmosphere  of  a  successful  corn  exhibit. 

These  exhibits  are  usually  held  by  Farm  Bureaus,  Farmers'  Clnbs, 
Boys  and  Qirls  Clubs,  and  at  county  and  state  fairs. 

For  those  not  famiUar  with  the  methods  of  conducting  a  com  exhibit 
the  following  classification  and  list  of  premiums  is  presented: 

CLASSIFICATION  OF  CORN  ESUIBIT  AND  LIST  OP  PREMIUMS 

Note:  The  premiums  suggested  are  larger  than  are  usually  offered. 
It  is  suggested  that  such  amounts  as  are  available  be  awarded  in  pro- 
portions indicated. 

Class  1.  10  ears  Yellow  Dent— first,  |5.00;  second,  $3.00;  third, 
$2.00;  fourth,  fl.OO.  Award  of  merit  to  next  six  entries,  ribbon  or 
card. 

Class  2.    10  ears  of  White  Dent — same  awards. 

Class  3.    10  ears  of  White  Cap — same  awards. 

Class  i.  10  ears  of  any  other  Dent  corn— 1st,  f4.00;  2nd,  $3.00;  3rd, 
12.00,  4th,  $1.00. 

Class  5.    Any  special  prizes  which  may  be  awarded  for  best  10  ears. 

Class  6.  100  ears  of  any  variety  of  com — first,  $10.00;  second,  $7.50; 
third,  $5.00;  fourth,  $2.50.    Award  of  merit  for  tlie  next  six. 
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Glass  7.    10    ears  of  Flint  Corn— first,    |4.00;  second,  |3.00;    third, 
»2.00;  fourth,  »100. 

ClasB  8.    10  ears  of  pop  com  (rice) — same  awards. 

Class  9.    10  ears  of  pop  com  (pear!) — same  awards. 

Class  10.    10  ears  of  sweet  com  (table) — same  awards. 

Class  11.    10  ears  of  sweet  corn  (canDing) — same  awards. 

Class  12.    Sweepstakes.    Beet  10  ears  of  iJent  corn. 
(Leading  Variety  of  County). 

Class  13.    Best  single  ear  of  (Standard)  Variety — first,  |5.00;  second, 
14.00;  third,  $3.00;  fourth,  f2.00. 


raUUt  ealla  atUutlon  to  baat  atUpttd  TiitotlM  and  attmalatM  «Bd  lupltw 
IntanM  In  emn  prodnctlaB. 
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FOREST  I'LANTIXG  IX  MICHIGAN 
Special  Bulletin  10:E 


Uj    A.    K.    Oli 

In  establishing  a  forest  plantation  the  landowner  should  know  what 
trees  are  best  suited  to  the  locality  and  soil  and  which  of  these  trees 
will  best  serve  the  objects  he  has  in  mind.  Trees  grow  slowly  as  com- 
pared with  other  crops  and  it  takes  many  years  for  them  to  reach  ma- 
turity or  sufficient  size  for  utilization.  Mistakes  made  in  planting  may 
become  apparent  only  after  many  years,  and  owing  to  such  mistakes 
the  objects  for  which  the  plantation  was  established  may  not  be  at-  . 
tained.  It  is  with  the  purpose  of  helping  landowners  to  select  and  prop- 
erly plant  trees  suited  to  their  purpose  that  this  bulletin  has  been 
written. 

Forest  plantations  are  established  for  one  or  more  of  several  reasons. 
The  commonest  are  to  produce  fence  posts,  timber  or  lumber,  to  act  as 
a  windbreak  or  shelter,  to  hold  shifting  sand,  to  prevent  erosion  or  gully- 
ing, and  to  beautify  the  landscape. 

In  general  it  does  not  pay  to  raise  trees  for  timber  purposes  on  good 
agricultural  soil.  Such  land  will  produce  more  money  from  farm  crops. 
A  woodlot  is,  however,  a  valuable  adjunct  to  a  farm,  and  many  farm 
woodlots  which  are  on  agricultural  soil  are  valuable  assets.  Forest 
plantations  are  usually  advisable  on  parts  of  farms  which  are  rough  or 
rocky,  or  where  the  soil  is  so  poor  as  to  be  unsuited  for  farm  crops. 
Forest  planting  is  often  advisable  in  already  existing  woodlots  where 
openings  have  occurred  which  are  not  restocking  naturally  or  where  it 
is  desired  to  introduce  new  species  of  trees.  The  planting  of  trees  for 
windbreaks  or  screens  is  advisabft  on  many  farms.  Forest  planting  is 
also  advisable  on  very  large  areas  of  cut-over  lands  and  on  more  or 
less  barren  lands,  such  as  the  jack  pine  plains  where,  in  many  places, 
trees  are  the  only  crop  that  can  be  successfully  grown. 

TIME  TO  PLANT 

Trees  should  be  planted  while  they  are  dormant.  They  may  be  planted 
in  the  spring  as  soon  as  the  frost  is  out  of  the  ground  until  the  trees 
start  growth  or,  in  the  case  of  hardwoods,  and  rarely  of  conifers,  in 
the  fall.  Trees  should  not  be  planted  in  the  late  spring  or  after  growth 
starts.  In  general  broadleaf  trees  should  be  transplanted  only  when 
the  leaves  are  off.  They  may  be  transplanted  in  the  fall  more  safely  than 
conifers  which  mostly  retain  their  foliage  all  winter.  If  evergreens  are 
transplanted  in  the  late  fall,  unless  they  are  mulched  or  covered  with 
snow  during  the  winter  months,  they  are  likely  to  evaporate  moisture 
from  their  foliage  while  the  roots,  which  have  not  yet  become  established 
in  the  soil,  are  unable  to  supply  more  moisture.  As  a  result  they  may  dry 
out  and  die.  The  same  thing  may  take  place  in  the  case  of  late  spring 
planting  after  vegetation  has  started,  resulting  in  the  death  of  the  trees. 
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Evergreens  are,  as  a  rule,  more  delicate  than  broadleaf  trees  and  must 
be  handled  more  carefully.  Some  of  the  broadleaf  trees,  such  as  box 
elder,  poplar  and  silver  maple,  have  a  great  deal  of  vitality  and  will 
stand  considerable  carelessness  and  exposure  in  transplanting.  Small 
evergreens,  such  as  two-year -old  seedlings  which  are  only  a  few  inches 
high,  may  be  safely  transplanted  in  the  fall  in  those  parts  of  the  State 
where  there  is  sufficient  snow  on  the  ground  all  winter  to  cover  them 
and  keep  them  from  drying  out.  Occasionally  evergreens  may  be  safely 
planted  in  the  latter  part  of  August  or  early  in  September,  for,  if 
weather  conditions  are  favorable,  they  will  become  established  before 
cold  -weather  set6  in. 

METDHOD  OP   PLANTINO 

In  planting  trees  the  hole  should  be  dug  slightly  deeper  than  necessary 
to  take  the  roots  when  spread  in  a  natural  position.  The  tree  should 
be  set  from  one-half  to  two  incheB  lower  in  the  earth  than  it  was  in  the 
nursery.  Fine,  moist  soil  should  be  packed  around  the  roots  and  then 
the  coarser  soil  drawn  into  the  hole  and  packed  firmly  with  the  foot:  A 
layer  of  loose  earth  should  then  be  scraped  around  the  tree  in  order  to 
retain  the  soil  moisture.  It  is  seldom  necessary  to  use  water  in  planting 
Bmall  forest  stock,  but  if  used  it  should  be  applied  very  liberally  in 
the  hole  before  planting. 

In  carrying  the  small  trees  about  the  roots  should  be  kept  moist  and 
protected  from  the  sun  and  wind.  It  is  best  to  carry  the  trees  in  a  bucket 
containing  a  thin  mixture  of  mud  and  water  or  else  in  a  basket,  keep- 
ing the  roots  covered  with  a  piece  of  wet  burlap  or  moaa. 

In  establishing  a  forest  plantation  the  objects  in  view  should  be  borne 
fully  in  mind.  Mistakes  made  in  the  selection  of  species  or  in  spacing 
may  mean  a  loss  of  many  years.  It  is  often  not  realized  how  long  it 
takes  for  trees  to  reach  merchantable  size  or  that  trees  in  a  plantation 
behave  differently  than  those  in  the  open, 

A  tree  planted  in  the  open,  for  shade  or  ornament,  tends  to  branch  low 
down  and  to  retain  its  lower  branches.  Trees  planted  in  close  forma- 
tion tend  to  grow  tall  with  few  side  branches.  The  first  tree  will  produce 
but  little  and  poor  grade  lumber.  The  latter  tree  will  yield  more  timber 
of  higher  grade.  Trees  planted  close  together  are  forced  to  grow 
straight  and  to  form  few  strong  side  branches  because  the  light  comes 
from  overhead.  The  leaves  on  the  side  branches  die  from  lack  of  light 
and  the  branches  themselves  fall  oS  in  time.  This  is  called  self-pruning 
and  is  a  result  of  close  spacing.  Some  trees,  such  as  the  spruce,  hem- 
lock and  beech  will  stand  a  large  amount  of  shade  without  losing  their 
foliage.  Such  trees  may  be  used  for  underplanting  in  underbrush  or 
open  woods.  Other  trees,  like  the  red  pine,  birch  and  yellow  poplar,  will 
not  stand  much  shade  and  can  be  planted  only  in  the  open.  It  is  often 
desirable  to  use  a  mixture  rather  than  a  single  species,  as  the  danger  of 
loss  from  insects  or  fungi  will  be  reduced  and  better  utilization  may  he 
made  of  the  soil.  For  this  purpose  a  tree  tolerant  of  shade  may  be  al- 
ternated with  one  demanding  light.  The  best  spacing  for  an  average 
forest  plantation  is  6  by  G  feet,  requiring  approximately  1200  trees  to 
the  acre. 
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SOIL  ODQDIBIBlIDNtrS 

Trees  differ  in  their  soil  and  moisture  requirements.  Some  will  do 
well  on  sandy  soil.    Others  require  deep  moist  soil. 

Trees  may  be  classified  according  to  tlie  soils  upon  which  they  do  best. 
In  establishing  a  forest  plantation  only  those  trees  should  be  selected 
which  are  adapted  to  the  soil  in  question.  It  should  be  noted,  however, 
that  trees  will  grow  upon  a  great  variety  of  soils  and  that  the  moisture 
conditions  are  of  prime  importance.  Trees  may  be  planted  for  ornament 
or  shade  upon  a  soil  which  is  not  their  first  choice.  Nearly  all  trees 
will  grow  upon  a  better  soil  than  that  on  which  they  occur  naturally. 
The  following  list  shows  the  general  type  of  soil  upon  which  certain 
species  of  trees  may  ordinarily  be  planted : 

Light  sand— Jack  pine,  Scotch  pine,  red  pine,  poplars,  box  elder. 

Gravel — Red  pine,  Scotch  pine,  Norway  spruce,  chestnut. 

Sandy  loam — White  pine,  red  pine,  Norway  spruce,  red  oak,  poplars, 
maple. 

Loam — Norway  spruce,  white  pine,  European  larch,  white  ash,  oaks, 
'  maples,  beedi. 

Heavy  soil — ^Walnut,  hickories,  ash,  basswood,  silver  maple. 

Swamp  soil — Silver  maple,  sycamore,  tamarack,  balsam,  white  cedar. 

OIEEIDS    FOB    VARIOUS  VUKPOSaa 

Trees  may  also  be  classified  according  to  their  ability  to  produce 
wood  for  certain  purposes  in  the  shortest  time,  as  follows; 
Lumber — White  pine,  red  pine,  ash,  basswood. 
Pulp — Norway  spruce,  poplar,  basswood,  larch. 
Excelsior  bolts — Basswood,  poplar,  willow. 
I'oles  and  posts — Larch,  red  pine,  red  oak,  jack  pine,  catalpa. 
Ties — Larch,  red  oak,  jack  pine,  red  pine. 

Trees  grow  at  different  rates  depending  on  the  species  and  the  location 
or  character  of  the  soil  and  climate  where  they  are  planted.  Some 
species,  like  the  jack  pine,  grow  rapidly  at  first  but  are  later  surpassed 
by  other  species  such  as  the  red  and  white  pines.  Some  trees  are  com-  . 
paratively  shortlived  and  while  they  may  grow  rapidly  for  a  number  of 
years  do  not  last  long  enough  to  give  satisfaction.  The  Carolina  poplar 
is  one  of  the  fastest  growing  trees  in  Michigan  but  it  is  short-lived  and 
is  subject  to  attack  by  the  poplar  borer  which  is  likely  to  destroy  it. 
The  black  locust,  also,  is  subject  to  attack  by  an  insect,  the  locust  borer, 
which  practically  precludes  its  successful  planting  in  the  State.  The 
silver  maple  is  a  fast  growing  tree  but  is  comparatiMy  short-lived  and 
the  wood  is  of  little  value.  The  oaks  and  sugar  maples  are  slow  growing 
trees.  The  following  are  some  of  the  more  important  trees  for  forest 
planting  in  this  State: 

WHITE]  BINB 

White  pine  has  probably  been  used  for  forest  plantations  more  than 
any  other  tree  in  Michigan.  It  is  a  native  of  the  State  and  does  well 
on  deep,  light,  moist  and  sandy  soils.    It  grows  quite  rapidly  after  it  haa 
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passed  the  seedling  stage  and  in  good  locations  will  grow  abont  two 
feet  in  heigtit  a  year.  The  lumber  is  valuable.  Box  boards  will  be  pro- 
dnced  in  abont  30  years.  For  forest  plantations  it  is  best  to  use  small 
seedlings,  S-year-old  stock,  spacing  the  trees  6  by  6  feet.  The  planting 
of  white  pine  should  be  limited  to  certain  counties,  as  it  is  subject  to  a 
disease,  the  white  pine  blister  rust,  which  has  one  generation  on  the 
white  pine  and  the  next  on  currant  or  gooseberry  bushes.  This  disease 
has  gained  considerable  headway  in  the  East  and  in  adjoining  states, 
but  80  far  has  not  appeared  to  any  extent  in  Michigan.  It  can  only 
spread  when  the  two  hosts,  currants  or  gooseberries,  both  wild  and  culti- 
vated, and  white  pine,  are  comparatively  near  together,  within  three 
hundred  yards  of  each  other.  In  many  localities  in  Michigan,  currants 
and  gooseberries  are  of  commercial  importance  and'  in  such  localities 
white  pine  should  not  be  planted,  since,  if  the  disease  appears,  one  or 
the  other  of  the  hosts  must  be  destroyed  in  order  to  eradicate  it.  The 
counties  where  currant  and  gooseberry  culture  is  of  importance  and 
where  white  pine  should  not  be  planted  at  present  are  those  along  the 
west  side  of  the  State  from  the  Indiana  line  to  Traverse  City,  as  well  as 
Kent,  Newaygo,  Kalamazoo,  Washtenaw,  Oakland  and  perhaps  a  few 
others. 

BBD  OB  NOBWUY  FIKB 

Red  or  Norway  pine  is  very  similar  in  rate  of  growth  to  white  pine 
but  it  will  do  better  on  poorer,  sandier  soils.  The  wood  is  quite  similar 
to  the  white  pine,  though  a  little  heavier  and  harder,  and  is  used  for  the 
same  purposes.  The  red  pine  has  thinner  foliage  than  the  white  pine, 
it  prunes  itself  of  side  branches  better  and  is  not  subject  to  serious  injury 
by  insects  or  fungi.  Owing  to  scarcity  of  seed,  red  pine  seedlings  are 
diflBcult  to  obtain  but  where  they  can  be  secured  it  is  one  of  the  best 
trees  for  forest  plantations  on  the  poor  qualities  of  soil.  A  rather 
wider  spacing  may  be  used  with  red  pine  than  with  white  pine  as  the 
trees  will  prune  themselves  of  side  branches  more  readily.  A  wider  spac- 
ing reduces  the  number  of  trees  required  per  acre  and  so  reduces  the 
cost  and  labor  of  planting.  This  is  of  importance  in  the  case  of  red 
pine  as  the  planting  stock  is  scarce  and  more  expensive  than  some  other 
trees.  It  is  often  planted  in  mixture  with  white  pine  or  Norway  spruce, 
the  species  being  alternated  with  a  epacing  of  C  by  6  feet. 


Jack  pine  will  do  well  on  dry  sandy  soil.  It  is  a  tree  which  grows 
fast  at  first  but  slows  down  later  on  and  never  reaches  a  large  size.  The 
wood  is  soft  and  light,  and  not  durable  in  contact  with  the  soil  unless 
it  has  been  treated  with  creosote  or  some  other  preservative.  After  such 
treatment  it  may  be  used  for  fence  posts.  The  wood  will  undoubtedly  be 
used  for  paper  pulp  within  a  few  years  and  after  that  it  will  be  more 
extensively  planted  than  at  present 

soorpcu  pisB 

Scotch  pine  is  not  a  native  of  Michigan  but  has  been  used  quite  e."t- 
tensively  in  the  State.  It  does  well  on  dry  sandy  soil.  It  is  very  similar 
to  jack  pine  in  habits  of  growth,  although  the  timber  is  rather  better. 
Two-year-old  seedlings  are  a  good  si?*  for  field  planting  with  a  spacing 
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of  4  by  4  feet.  Much  of  the  Scotcb  pine  which  has  beeo  plaoted  in  this 
country  has  had  its  source  in  seed  collected  in  central  Qermany.  Theae 
trees  become  crooked  and  stunted  and  do  not  produce  a  good  qaality  of 
timber.  Trees  grown  from  seed  collected  in  the  Baltic  province  of 
Russia,  called  the  Riga  variety,  produce  much  better  timber.  This  is  the 
variety  which  should  be  planted. 


EUROnH<\N  L^VRCil 

European  larch  is  similar  to  our  native  tamarack  but  is  not  quite  so 
subject  to  defoliation  by  the  larch  saw-fly.  It  is  a  deciduous  conifer, 
losing  its  foliage  in  the  winter.  It  does  best  on  well-drained  but  moist 
soils.  It  will  not  succeed  in  swamps  ae  will  our  native  tamarack.  It 
grows  rapidly  and  the  wood  is  heavy  and  durable  in  contact  with  the 
soil.  It  should  pro<luce  fence  posts  in  about  20  years.  Extensive  planta- 
tions are  not  advisable  owing  to  danger  of  the  larch  saw-fly  but  it  can 
be  used  as  a  filler  with  other  species.  Two-year-old  seedlings  are  a  good 
size  to  use.  A  spacing  of  about  10  by  10  feet  is  beat,  as  the  tree  will 
not  stand  any  shade  and  closely  spaced  stands  result  in  the  death  or 
stunting  of  the  trees,  or  a  spacing  of  12  by  12  feet  may  be  used,  inter- 
planting  with  a  shade-bearing,  slower  growing  species,  such  as  red  oak, 
Norway  spruce  or  white  pine.  Larch  starts  growth  early  in  the  spring 
and  is  subject  to  injury  by  late  frosts. 


c  by  Google 
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NORWAY  SPIIUCE 

Norway  sprnce,  while  DOt  a  native  of  this  country,  has  been  very  ex- 
tensively planted,  chiefly  for  ornament.  It  is  a  fast  growing  tree  and 
the  wood  is  valuable  for  paper  pulp.  It  does  well  on  nearly  all  soils,  ex- 
cept clay  or  very  dry  soils.  It  forma  a  dense,  persistent  crown,  and  is 
therefore  suitable  for  windbreal^a.  It  is  used  for  Christmas  trees  and  is 
the  best  tree  to  plant  for  this  purpose.  It  reaches  Christmas  tree  size 
in  5  OP  6  years  it  small  transplante  are  used  for  planting.  It  may  often 
be  used  with  advantage  aa  a  filler  in  plantations  of  other  species  and 
at  the  end  of  a  few  years  be  cut  out  and  sold  for  Christmas  trees.  Four- 
year-old  transplants  are  best.  A  close  spacing,  about  4  by  4  feet,  is 
necessary  In  order  to  make  the  trees  prune  themselves  and,  if  timber 
production  is  desired,  it  is-  advisable  to  cut  off  the  lower  branches 
wh'en  the  trees  are  about  15  feet  tall. 

WUITB  iBa 

White  ash  is  one  of  the  faster  growing  hardwoods  which  produce 
valuable  lumber.  It  does  well  on  the  better  soils,  where  it  may  be  mixed 
with  pines  or  other  species.  It  makes  good  fence  posts  if  treated  with 
preservative.  It  is  probably  better  to  plant  it  in  mixture  with-  other 
species  than  by  itself.  A  close  spacing,  about  i  by  4  feet  is  best,  as 
otherwise  the  tree  tends  to  become  crooked. 

iSILVm  RIAPIjE 

Silver  maple  grows  rapidly  but  is  short-lived  and  is  of  little  value  at 
present.  As  fence  posts  become  scarcer,  however,  non-durable  wood  of 
fast  growing  species  will  undoubtedly  be  used  and  treated  with  creosote 
or  wood  preservative  in  order  to  lengthen  its  life.  Silver  maple  will  be 
a  good  tree  for  such  use.  It  grows  best  on  moist  soils.  It  is  used  chiefly 
where  a  rapid  growing  shade  tree  is  desired,  but  even  then  it  is  rather 
undesirable.  A  spacing  of  about  6  by  8  feet  is  advisable  for  forest 
plantations. 

SUGAR  MAI'I.B 

Sugar  maple  has' been  planted  to  some  extent  in  Michigan  for  sugar 
bushes  and  woodlots.  It  does  well  on  aiiy  good  soil  but  it  grows  rather 
slowly  and  takes  a  good  many  years  to  reach  merchantable  size.  It  is  an 
excellent  tree  for  roadside  or  street  planting  where  good  sized  stock  can 
be  used.  For  timber  production  a  spacing  of  6  by  6  feet  is  advisable  in 
order  to.  make  the  trees  prune  themselves.  For  sugar  bushes  a  spacing 
of  10  by  10  feet  is  better.  Sugar  maple  may  be  planted  in  small  openings 
iu  existing  woodlots  where  it  is  desired  to  increase  the  percentage  of  this 
species.    Many  sugar  bushes  could  be  improved  in  this  manner. 


Catalpa  will  succeed  in  the  southern  part  of  the  State  but  is  subject 
to  frost  injury  further  north.  It  will  grow  on  moist,  well  drained,  fertile 
soil.  Under  favorable  conditions  it  grows  rapidly  and  the  wood  makes 
durable  fence  posts.  It  does  not  reach  large  size  and  requires  pruning 
in  order  to  make  a  straight  stem.  The  seed  should  be  soaked  for  twenty- 
four  hours  in  water  before  planting.     It  should  be  planted  only  in  the 
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southern  counties.  The  trees  may  be  cut  back  to  the  ground  early  in 
the  following  spring  after  planting.  The  resulting  sprouts  will  grow 
Tigorously.  The  lower  side  branches  should  be  pruned  for  a  few  years 
ID  order  to  force  the  tree  to  grow  straight  The  trees  should  be  planted 
about  6  by  6  feet  apart. 


Basswood  grows  rapidly  on  good  soil.  The  wood  is  ralnable  and  it 
is  a  good  tree  to  plant  in  favorable  locations,  either  Id  pure  stands  or 
mixed  with  other  species.  Small  seedlings  are  best  to  use,  with  a  spac- 
ing of  6  by  6  feet. 

BSD  OAK 

Bed  oak  does  well  on  rather  sandy  soil.  Id  the  southern  part  of  the 
State.  The  other  oaks  grow  too  slowly  for  profitable  planting.  The 
acorns  may  be  planted  directly  in  the  field  or  small  seedlings  may  be 
used  with  a  spacing  of  about  6  by  6  feet.  If  the  acorns  are  planted  in 
the  field,  three  or  four  should  be  planted  together  in  prepared  spots. 
They  may  be  coated  with  red  lead  to  prevent  destruction  by  rodents. 
The  red  oak  does  not  make  very  durable  fence  posts  unless  treated  with 
a  preservative.  It  should  make  posts  under  favorable  conditions  la 
about  30  years. 


A  flftr-sereD  jrear  old  chratnat  plaotatloD  at  ereeDTllle.  The  trea  were  ti 
wbeD  two  ;ears  old  and  cultivated  with  hoed  craps  tor  about  ten  jean.  The 
ii  on  well  dralD«i}  eoll. 

OtlBSTNTJT 

Chestnut  is  hardy  in  the  southern  part  of  the  State.  It  does  well  on 
rather  poor,  sandy  soil  but  grows  faster  on  better  soils.  The  wood  is 
very  durable  in  contact  with  the  ground  and  makes  good  fence  posts  as 
well  as  valuable  lumber.  The  nuts  should  be  stratified  in  moist  sand 
over  winter  and  planted  in  the  garden  in  rows  in  the  spring.  The  small 
trees  should  be  set  out  in  their  permanent  places  when  one  or  two  years 
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old.  The  trees  begin  bearing  nuts  when  about  12  years  old.  For  forest 
plantations  a  spacing  of  6  bj  6  feet  is  best.  Where  nuts  are  desired  a 
mach  wider  spacing,  not  less  than  20  by  20  feet,  is  necessary. 

A  number  of  chestnut  plantations  have  been  established  in  Michigan. 
One  plantation  that  is  now  37  years  old  in  Van  Buren  county  has  been 
bearing  nuts  for  many  years.  The  average  tree  is  14  inches  in  diameter 
and  65  feet  tall  and  some  years  the  plantation  has  yielded  15  bushels  of 
nuts  to  the  acre.  Another  plantation  in  Berrien  county  is  now  45  years 
old  and  covers  4  acres.  The  trees  were  planted  with  a  spacing  of  28  by 
32  feet.  The  average  tree  is  20  inches  in  diameter  and  65  feet  tall.  The 
yield  in  nuts  varies  from  almost  nothing  up  to  9  bushels  per  acre.  A 
plantation  in  Van  Buren  county  which  is  12  years  old  is  now  bearing. 
The  price  of  the  nuts  on  the  market  is  comparatively  high  owing  to  the 
fact  that  the  trees  in  the  East  have  been  largely  destroyed  by  the  chestnut 
blight  disease  which  has  resulted  in  a  great  reduction  of  the  supply  of 
these  nuts.  Trees  for  planting  should  be  obtained  from  within  the  State 
or  from  western  states  and  not  from  the  East  owing  to  danger  of  intro- 
ducing this  disease. 

BLACK  WALNUT 

Black  walnut  is  one  of  the  best  hardwoods  to  plant  in  the  southern 
part  of  the  State  on  fairly  moist,  fertile  soil.  It  grows  quite  rapidly,  the 
wood,  is  very  valuable  and  was  in  much  demand  during  the  war  for  gun 
stocks  and  airplane  propellers.  Owing  to  this  demand  a  great  deal  of 
black  walnut  was  cut  and  its  replacement  is  desirable.  The  heartwood 
is  durable  in  contact  with  (he  soil  and  ipakes  good  fence  posts.  Iq  ad- 
dition to  its  timber  value  the  nuts  are  edible.  There  is  a  great  difference 
in  the  nuts,  some  are  small,  some  thick-shelled,  and  some  are  compara- 
tively thin-shelled.  By  selection  trees  can  be  produced  that  will  bear 
nuts  with  comparatively  thin  shells  and  of  good  quality.  The  black 
walnut  develops  a  strong  taproot  early  in  life  making  it  difficult  to 
transplant  large  trees.  The  seed  may  be  planted  where  the  trees  are 
desired,  but  squirrels  are  very  likely  to  dig  them  out.  It  is  best  to  plant 
the  nuts  in-  the  garden  in  the  fall,  and  the  shucks  may  be  left  on.  The 
small  trees  should  be  transplanted  to  their  permanent  locations  when 
one  year  old.  For  forest  plantations  a  spacing  of  8  by  8  feet  Is  good, 
interplanting  with  Norway  spruce  or  red  oak  so  as  to  force  the  black 
walnut  to  grow  straight,  as  otherwise  it  will  develop  many  low  branches. 
For  nat  prodnction  a  wider  spacing  should  be  used. 

The  Persian  walnut  is  not  hardy  in  Michigan  unless  grafted  upon  hardy 
stock.  There  are  a  few  Persian  walnuts  that  have  been  so  grafted 
upon  black  walnuts  which  are  doing  well,  but  the  tendency  is  for  the 
scions  to  die  back  leaving  the  black  walnut  to  grow. 

BATTB   OF  OBOWmH 

In  considering  the  growth  of  forest  plantations  the  amount  of  timber 
that  is  produced  per  acre  is  a  better  indication  of  the  profitableness  of 
planting  any  species  or  mixture  of  species  than  is  the  rate  of  growth  of 
Individual  trees.  A  plantation  of  European  larch,  which  is  a  fast  grow- 
ing tree,  will  not  produce  so  much  timber  to  the  acre  as  will  a  plantation 
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ot  white  pine.  The  white  piire  can  be  grown  closer  together  than  the 
larch  and  while  an  individual  tree  in  the  open  does  not  grow  so  fast  the 
plantation  will  produce  more  timber  to  the  acre. 

The  following  table  gives  the  diameter  and  height  of  the  average  tree 
and  the  diameter  of  the  maximum  tree  for  a  few  existing  plantations 
in  the  southern  part  of  the  State  and  the  yield  in  timber  is  given  in 
cubic  feet.  A  standard  cord  of  wood  contains  128  cubic  feet  of  space 
of  which,  in  a  stacked  cord,  about  30  per  cent  is  air  space  between  the 
sticks,  so  that  an  average  standard  cord  contains  about  90  cubic 
feet  of  solid  wood. 
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lAbout  80  fence  posts  bavlng  olTeady  been  talien  out. 

Figures  of  the  yield  per  acre  of  some  plantations  in  other  states  are 
given  below.  These  data  have  been  compiled  from  various  Government 
And  State  reports. 

Scotch  pine  and  larch,  New  York,  25  years  old,  13,000  board  feet  per  acre. 
Scotch  pine,  New  York,  35  years  old,  27,000  board  feet  per  acre. 
Silver  maple,  Illinois,  9  years  old,  16.2  cords  per  acre. 
Silver  maple,  Iowa,  20  years  old,  20.1  cords  per  acre. 
Black  walnut,  Indiana,  12  years  old,  7.5  cords  per  acre. 
Black  walnut,  Illinois,  38  years  old,  33,8  cords  per  acre. 
White  pine,  Iowa,  21  years  old,  4,760  board  feet  per  acre. 
White  pine.  New  York,  28  years  old,  24,000  board  feet  per  acre. 
White  pine,  Massachusetts,  38  years  old,  29,000  board  feet  per  acre. 
White  pine,  Massachusetts,  43  years  old,  37,710  board  feet  per  acre. 
White  pine,  Massachusetts,  55  years  old,  43,796  board  feet  per  acre. 
Norway  spruce,  New  York,  22  years  old,  10,000  board  feet  per  acre. 
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9  old.    Tbvrc  are  two  rowB  of  tcces,  the 
WINDHBBAKS 

Windbreaks  or  shelter  belts  are  useful  in  diminishing  evaporation 
from  soil  and  plants.  The  influence  of  a  windbreak  is  proportional  to  its 
height  and  density.  The  shade  cast  by  the  trees  has,  however,  a  dam- 
aging eifect  on  crops  and  the  roots  of  the  trees,  if  far  reaching,  may  sap 
the  soil  moisture  for  some  distance  on  either  side.  Species  should, 
therefore,  be  used  which  have  compact  or  deep  reaching  root  systems.  A 
windbreak  can  be  used  for  the  production  of  fence  posts  or  poles.  From 
the  white  pine  windbreak  at  the  College  the  seed  is  collected  each  seed 
year,  in  1918  one  hundred  pounds  of  seed  being  obtained,  worth  at  that 
time  1^2  a-pound. 

For  windbreaks  a  tree  that  retains  its  lower  branches  and  which 
makes  a  dense  screen  is  desirable.  It  is  also  usually  desired  to  use  an 
evergreen  which  retains  its  foliage  all  winter  and  to  use  a  tree  that 
grows  rapidly  and  which  will  give  quick  results.  Of  such  trees  the 
Norway  spruce,  Scotch  pine,  Austrian  pine  and,  where  there  are  no 
currant  or  gooseberry  bushes  in  the  neighborhood,  white  pine  are  the 
best.  For  windbreaks  it  is  best  to  plant  a  double  row  of  trees,  alter- 
nating the  trees  in  the  rows  and  spacing  them  about  10  feet  apart  in 
the  row  with  about  8  feet  between  the  two  rows.  If  a  single  row  of  trees 
is  used  a  closer  spacing  is  necessary  so  that  the  branches  will  interlace 
and  make  a  dense  screen. 

If  it  is  desired  to  produce  fence  posts,  osage  orange  may  be  used.  They 
can  be  cut  back  every  few  years  and  will  spront  from  the  stumps.  Silver 
maple  and  box  elder  are  fast  growing  trees  which  are  sometimes  used 
but  the  roots  are  far  reaching  and  the  branches  are  often  broken  by 
heavy  winds. 
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The  foUoving  table  gives  the  growth  of  trees  in  a  few  windbreaks  in 
the  State: 
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BXPSEIMIEINTAL  FTLANlWriON  AT  OBAYLII« 

In  1888,  Dr.  W.  J.  Beal,  at  that  time  Professor  of  Botany  at  the  Mich- 
igan Agricultural  College,  made  an  experimental  plantation  of  a  large 
number  of  different  species  of  trees  on  the  lands  of  the  College  experi- 
mental farm  at  Grayling  in  Roscommon  county.  This  plantation  is  now 
32  years  old  and  offers  a  valuable  example  of  what  may  be  expected  in 
the  way  of  forest  growth  under  such  conditions. 

The  soil  is  dry  and  sandy,  typical  of  much  of  the  jack  pine  plains  of 
the  State.  The  native  species  common  on  such  soil  in  this  locality  are 
scarlet  oak,  jack  and  red  pine.  The  experimental  plantation  originally 
contained  the  following  varieties  of  trees.  The  list  gives  the  number  of 
trees  of  each  species  used  and  also  the  height  of  the  seedlings  at  the  time 
of  planting. 


100  Canoe  birch,  10  in. 

50  Camperdown  elm. 

20  Sycamore  maple. 

20  Hackberry,  12  in. 
100  Black  ash,  6  in. 

50  Red  elm,  C  in. 
100  Red  maple,  6  in. 
100  Hardy  catalpa,  18  in. 
1000  Black  locust,  16  in. 
200  Silver  poplar  cuttings. 
100  Balsam  poplar  cuttings. 
100  Wisconsin  weeping  willow 

cuttings. 
100  Silver  maple,  24  in. 
100  American  beech,  18  in. 
100  American  elm,  12  in. 
200  Russian  mulberry,  6  in. 
200  Large  white  poplar  cuttings. 
100  Balm  of  Gilead  cuttings. 
100  White  willow   cuttings. 
100  Purple  willow  cuttings. 
A  few  Lombardy  poplar. 


100  Yellow  willow  cuttings. 
100  American  arborvitae,  6  in. 
500  White  pine,  10  in. 
100  Red  cedar,  912  in. 
100  Sugar  maple,  6  in. 
100  White  ash,  1  ft. 
100  Honey  locnst,  12  in. 

50  Box  Elder,  24  in. 
100  Norway  maple,  12  in. 

50  European  elm. 

20  Kentucky  coffee  trees,  6  in. 
100  Black  cherry,  12  in. 

50  Basswood,  4  in. 
100  Scotch  pine,  9-12  in. 
100  Norway  spruce,  9-13  in. 
200  European  larch,  9-12  in. 
100  Green  ash,  1  ft. 
100  Yellow  birch,  6  in. 

50  White  spruce,  9-12  in. 
200  Red  pine,  4-6  in. 

A  few  pitch  pine.  ^ 
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The  land  was  plowed  and  harrowed  and  the  trees  set  in  rows  4  feet 
apart  and  4  feet  apart  in  the  row.  The  plantation  covered  about  one 
acre.  For  the  first  2  or  3  years  after  planting  the  plantation  was  culti- 
vated but  after  that  no  care  was  given  it. 

Of  the  40  odd.speeies  planted  less  than  half  remain  and  of  these  only 
about  a  half  dozen,  all  conifers,  may  be  said  to  have  succeeded,  and 
only  3  or  4  have  demonstrated  their  ability  to  grow  to  advantage  under 
these  conditions  of  soil  and  moisture. 

(HABlDWOODS 

Of  all  the  hardwood  speciea  which  have  survived  none  have  shown  any 
possibilities.  They  have  largely  failed  even  to  develop  to  tree  form 
and  are  mostly  merely  a  scrubby  growth,  being  either  unable  to  with- 
stand the  severity  of  the  climate  or  the  infertility  of  the  soil. 

The  largest  elm  is  only  4  inches  in  diameter  as  compared  with  upwards 
of  8  inches  for  many  of  the  conifers.  Two  Lombardy  poplars  are  40  feet 
tall  and  7.5  inches  in  diameter.  Most  of  the  others  have  been  broken 
by  wind  or  ice.  Some  of  the  other  species  of  poplar  attained  rather  strag- 
gling tree  forms  before  being  killed  back  by  adverse  conditions.  The 
black  locust  has  succeeded  in  obtaining  a  foot-hold  and  hag  spread  out 
into  the  field  on  both  sides  but  it  does  not  assume  tree  form.  The  leaders 
are  killed  back  almost  annually  by  late  frosts  and  the  result  is  a  growth 
of  valueless  brush.  A  few  trees  in  the  interior  of  the  plantation  have  at- 
tained a  height  of  20  feet  atid  a  diameter  of  3  inches.  It  is  noteworthy 
that  no  oaks  were  planted,  although  certain  species  of  oak  occur  naturally 
on  similar  Bites. 


The  toreet   plantation 


Of  the  9  species  of  conifers  planted,  specimens  of  all  still  exist  but  only 
a  few  have  apparently  demonstrated  their  ability  to  succeed  under  these 
conditions,  the  red  pine,  white  pine  and  Norway  spruce.  Two  others  show 
possibilities,  the  Scotch  and  pitch  pines.    The  others  have  either  made 
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aucli  slow  growth  or  grow  under  snch  diaadvantages  that  their  nse  for 
forest  planting  on  a  large  scale  in  similar  localities  Should  Dot  be  at- 
tempted. 

The  conifers  arranged  in  order  of  their  auccess  are  red  pine,  Norway 
spruce,  pitch  pine,  white  pine,  Scotch  pine,  European  larch,  red  cedar, 
white  spruce,  and  white  cedar. 

The  red  pine  has  siiccecdetl  the  best  of  all  the  species  planted.  Next 
to  the  Scotch  pine  it  has  the  largest  average  diameter  and  its  average 
height  growth  is  practically  the  same  as  that  of  its  nearest  competitor, 
the  Norway  spruce.  The  largest  red  pine  is  10.2  inches  in  diameter  and 
the  smallest,  3.5  inches,  and  Ihere  are  very  few  trees  under  5  inches  in 
diameter.  The  planting  distance  was  a  little  close  for  red  pine  and 
resulted  in  the  suppression  of  many  trees.  The  average  diameter  is  6.8 
inches,  making  an  average  mean  annual  diameter  growth  of  0.2  inches. 
The  average  mean  annual  height  growth  is  0.8  feet. 

Of  the  100  Norway  spruce  planted,  56  remain.  Probably  over  30  have 
been  cut  for  Christmas  trees,  so  that  the  percentage  of  survival  has  been 
high.  The  maximum  diameter  is  7  inches.  Many  of  the  trees  have  been 
badly  suppressed  and  so  there  is  much  variation  in  size.  The  average 
mean  annual  growth  in  diameter  is  0.13  inches  and  in  height,  0.8  feet. 
The  Norway  spruce  has  been  attacked  to  some  extent  by  the  spruce  gall 
which,  however,  has  done  no  serious  damage.  Probably  part  of  the  good 
growth  of  this  species  is  due  to  the  fact  that  it  was  planted  in  the  two 
outside  rows  and  so  had  more  light  and  growing  space  than  some  of  the 
others,  but  even  so  it  has  proven  itself  capable  of  growing  and  doing 
well  under  the  soil  and  moisture  conditions  present  which  would  gen- 
erally be  considered  as  too  severe  for  the  species.  The  trees  appear  to 
be  still  growing  at  a  good  rate.  It  is  commonly  stated  that  Norway 
spruce  is  shorl-lived  in  this  country,  seldom  lasting  over  50  years. 

At  least  2  pitch  pine  were  planted,  having  evidently  been  mistaken 
for  Scotch  pine.  Although  a  light-requiring  species  and  growing  in 
the  interior  of  the  plantation  they  have  done  well.  Their  average  mean 
annual  growth  in  diameter  is  0.18  inches  and  in  height,  0.7  feet.  While 
it  would  be  unwise  to  generalize  from  2  trees  the  species  seems  to  have 
promise  on  this  site  and  it  is  known  to  produce  better  lumber  than  jack 
pine. 

There  were  planted  originally  500  white  pine,  nearly  three  times  as 
many  as  any  other  species.  White  pine  is  now  the  most  numerous  tree 
in  the  plantation.  The  average  mean  annual  growth  is  0.16  inches  in 
diameter  and  0.7  feet  in  height.  The  white  pine  is  in  general  less  healthy 
than  the  red  pine  and  wherever  in  the  plantation  the  two  trees  grow 
side  by  side  the  red  pine  is  the  leader. 

Of  the  100  Scotch  pine  planted,  H  trees  remain  alive.  They  have 
developed  a  very  poor  form  and  are  largely  crooked  and  short-stemmed 
with  branches  clear  to  the  ground.  iTiey  are  badly  infected  with  a 
fungus  disease,  a  peridermium,  which  has  destroyed  their  form  and 
resulted  in  the  death  of  several  individuals.  Therefore,  despite  the  good 
average  dimensions  of  the  trees,  they  cannot  be  regarded  as  having  sac* 
ceeded.  It  is  probable  that  if  they  had  not  been  attacked  by  this  disease 
and  had  been  planted  closer  together,  the  results  would  have  been  much 
better.    The  largest  of  the  Scotch  pine  is  10.5  inches  in  diameter  and  the 
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average  tree  i«  8.1  inches,  giving  an  average  mean^naal  diameter  growth 
of  .23  inches.    The  mean  annual  height  growth  is  0.8  feet. 

Two  hundred  European  larch  were  planted,  of  which  only  three  re- 
main. Of  these  two  are  healthy  and  growing  rapidly,  the  third  ia  par- 
tially sappressed  and  dying.  Their  average  mean  annual  growth  in 
diameter  is  0.16  inches  and  in  height,  0.7  feet.  Apparently  Ae  species 
is  able  to  do  well  if  it  gets  a  good  start  and  is  not  suppressed.  It  is, 
however,  liable  to  injury  by  late  frosts. 

Of  the  100  red  cedars  planted,  only  about  6  remain.  Many,  however, 
have  been  cut  for  Christmas  trees  which  partly  accounts  for  the  high 
rate  of  loss.  The  red  cedar  is  very  intolerant  of  shade  and  many  of  the 
trees  in  the  interior  of  the  plantation  were  suppressed.  Its  rate  of  growth 
has  been  very  slow,  the  ttees  averaging  only  3  inches  in  diameter.  This 
species  might  be  used  for  ornamental  planting  in  this  part  of  the  State 
but  its  slow  growth  precludes  its  use  for  forest  planting. 

Fifty  white  spruce  were  set  out  in  the  rows  next  to  the  Norway  spruce. 
There  remain  about  a  half  dozen  specimens,  varying  in  diameter  from 
2  to  3.5  inches  and  from  15  to  20  feet  in  height.  Although  the  white 
spruce  was  less  favorably  situated  than  the  Norway  spruce,  the  great 
difference  in  growth  cannot  be  laid  entirely  to  that,  and  eeema  to  be 
conclusive  evidence  that  for  planting  on  relatively  dry-  sites,  for  a  short 
rotation  at  least,  the  Norway  spruce  is  the  better  tree.  Further  north, 
however,  the  white  spruce  might  make  the  better  showing. 

Of  the  100  arborvitae,  or  white  cedar,  originally  planted,  several  re- 
main and  their  average  diameter  is  2  inches.  The  site  is  too  dry  for  this 
species  which  is  a  tree  requiring  considerable  soil  moisture. 

The  following  table  gives  the  diameter  and  height  of  both  the  maximum 
and  average  trees  of  various  species  in  the  plantation  32  years  after  it 
was  established. 
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INTRODUCTION 


The  fertility  of  the  Boil  is  the  greatest  of  our  natural  resources.  It  is  highly 
desirable,  therefore,  that  we  have  at  our  disposal  all  the  information  con- 
cerning our  soils  that  it  is  practicable  to  gather.  The  location  of  different 
soil  classes  or  kinds  of  soil,  the  nature  of  their  subsoils,  the  drainage  condi- 
tions and  their  agricultural  possibilities  should  be  known.  Moreover  the 
amount  of  the  several  elementa  of  plant-food  and  the  lime  requirement  of 
the  different  soils  should  be  determined  so  that  they  may  be  most  intelli- 
gently managed. 

Certain  members  of  the  Soils  Section  of  the  Michigan  Agricultural  Collie 
Expeiiment  Station  prior  to  May  1st,  1920,  did  a  great  deal  of  general  or 
reconnaissance  soil  classifying  and  mapping.  Samples  of  the  representative 
soils  of  several  areas  were  collected  and  analyzed  for  their  plant-food  con- 
stituents, observations  made  on  the  agricultural  conditions  and  reports 
written.  Since  that  date  the  Soils  Section  of  the  Michigan  Agricultural 
College  Experiment  Station  entered  into  a  cooperative  agreement  with 
the  U.  S.  Department  of  Agriculture,  Bureau  of  Soils,  whereby  the  soils 
of  the  State  are  to  be  classified  and  mapped  in  detail.  Under  this  agree- 
ment the  salaries  and  expense  of  the  field  men  are  shared  equally  by 
these  organizations.  In  addition  the  former  pays  for  the  cost  of  publishing 
the  soil  reports  and  maps,  which  means  that  for  each  dollar  the  State  spends 
the  U.  S.  Department  of  Agriculture  furnishes  about  one  and  one-half  dollars. 

It  has  been  deemed  advisable  to  publish  the  results  of  the  preliminary 
or  general  soil  surveys  at  tliis  time  rather  than  to  wait  for  the  more  detailed 
report.  Colored  maps  were  not  printed  because  of  their  high  cost  and  it 
did  not  seem  practicable  to  expend  several  hundred  dolliuB  for  such  in  this, 
our  preliminary  work. 
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BY  M.   M.   MCCOOL  AND  G.   M.   QBANTHAM — SOILS  SECTION 

A  recomiEiasaiice  or  general  soil  survey  was  made  of  the  Detroit  area 
including  Monroe  and  parts  of  Wayne,  Washtenaw  and  Lenawee  counties. 
All  of  Wayne  was  surveyed  with  the  exception  of  the  northwest  two-thirds 
of  Northville  and  Plymouth  townships.  In  Washtenaw  parts  of  Saline, 
York,  Augusta,  Ypsilanti  and  Superior  townships  are  included.  About  half 
of  Lenawee  county  has  been  surveyed  including  all  of  Fairfield,  Ogden, 
Riga,  Deerficld,  Blissfield,  and  Ridgeway  townships  and  the  southeast  part 
of  Seneca,  Madison,  Palmyra,  Raisen  and  Marion  townships.  The  entire 
district  is  comprised  of  about  1,543  square  miles  of  987-520  acres.  The  area 
is  situated  on  the  west  side  of  Lake  Erie,  the  Detroit  River  and  part  of 
Lake  St.  Clair.  It  is  bounded  on  the  north  by  Macomb  and  Oakland 
counties  and  on  the  south  by  the  State  of  Ohio.  It  is  in  about  the  same 
latitude  as  Boston,  Massachusetts,  and  in  about  the  same  longitude  as 
Columbus,  Ohio. 


pboaphorua. 

The  Detroit  area  includes  a  small  part  of  the  old  lake  basin  which  covers 
■  an  extensive  area  in  eastern  Michigan  and  northern  Ohio.    The  outlet  to 
this  old  glftcial  lake  has  been  lowered  until,  at  the  present  time,  large  areas 
of  former  lake  bottom  are  very  productive  lands. 
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The  surface  features  may  be  conveniently  divided  into  five  distinct  divisions. 
First,  the  sand  drift  which  extends  parallel  to  the  shore  line  near  the  Center 
of  Wayne  and  Monroe  counties,  touching  only  the  extreme  southeast  corner 
of  Washtenaw  coimty  and  extending  through  about  the  center  of  the  old 
lake  bed  district  of  Lenawee  county. 

Second,  the  level  to  undulating  lands  which  are  aloi^  the  shore  line  ex- 
tendir^  inland  from  five  to  fifteen  miles.  Narrow  strips  ran^ng  from  one  to 
five  miles  wide  are  found  between  the  sandy  drift  in  central  Monroe  county 
and  in  the  extreme  southern  part  of  Wajne  county.  The  same  surface 
features  are  to  be  found  bordering  the  west  side  of  the  area  and  are  much 
more  extensive  than  those  along  Lake  Erie  and  the  Detroit  river. 

Third,  the  old  deltas  formed  where  streams  entered  the  Lake.  These 
formations  are  most  prominent  where  iiie  larger  streams  flow  from  the 
upland  on  to  the  old  lake  bed  district.  Such  formations  are  very  distinct 
cast  of  Adrian,  Saline,  Ypsilanti,  Plymouth  and  Northville. 

Fourth,  gravelly  ridges  ranging  from  four  to  twenty  feet  above  the  level 
land  and  extending  approximately  parallel  to  the  present  lake  shore  line  and 
for  the  most  part  found  near  the  upland  soils  along  the  west  side  of  the  old 
lake  bed.  Such  ridges  were  on  the  shore  lines  of  the  Lake  and  may  be  easily 
distinguished  from  the  sand  ridges  by  the  coarse  material  and  an  occasional 
pocket  of  gravel. 

Fifth,  the  river  flood  plains  and  terraces  which  lie  along  the  larger  streams. 
Such  surface  features  are  not  wide  in  extent  yet  fumi^  excellent  farming 
land  because  of  their  fertility  and  thorough  drainage.  Few  terraces  occur, 
the  most  important  one  being  near  BellviUe  in  Wayne  county  which  extends 
about  six  miles  along  the  Huron  river  and  ranges  from  a  few  rods  to  approx- 
imately three  miles  in  width. 

Very  little  rough  or  broken  land  is  to  be  foimd  in  the  area.  The  bluffs 
along  the  rivers  and  streams  are  very  low  rai^ng  from  only  a  few  feet  to 
twenty  to  thirty  in  the  more  rolUng  land.  The  streams  have  ample  fall  for 
drainage  yet  the  channels  are  relatively  new  compared  to  the  rough  and 
broken  lands  along  streams  outside  this  area. 

The  general  slope  of  most  of  the  area  is  toward  Lake  Erie  and  the  Detroit 
river.  The  elevation  at  these  points  ranges  from  575  to  600  feet  above 
sea  level,  the  rise  beii^  gradual  back  to  the  old  shore  lines  of  the  Lake 
where  near  the  upland  the  elevation  varies  from  600  to  800  feet. 


Detroit  and  Monroe  are  the  two  lai^est  cities  in  the  area.  Adrian,  Ypsil- 
anti, Ann  Arbor,  Michigan  and  Toledo,  Ohio,  are  others  located  close  to  the 
area  and  afford  excellent  markets  and  shippii^  points  for  farm  produce. 

TBANSPOETATION 

Transportation  facilities  are  excellent.  The  main  railroads  of  importance 
to  the  area  are  the  Wabash,  Lake  Shore  and  Michigan  Southern,  Pere 
Marquette,  Michigan  Central,  Ann  Arbor,  Grand  Trunk  and  Detroit  and 
Toledo.  Numerous  electric  lines  radiating  from  Detroit  and  Toledo  are  also 
a  valuable  asset.  The  main  highways  surrounding  Detroit  are  excellent. 
It  is  posuble  to  travel  from  10  to  30  miles  out  of  Detroit  on  concrete  roads. 
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Other  than  the  main  roads  just  meiitioued  the  roads  throughout  the  «itire 
area  are  poor,  yet'  good  roads  are  being  constructed  quite  rapidly. 

Water  transportation  b  well  developed.  A  greater  part  of  the  livestock 
raised  in  Monroe  and  Lenawee  counties  is  marketed  in  Cleveland  and  Buffalo 
by  this  means. 

DRAINAQS 

The  most  important  factor  limitii^  maximum  crop  production' in  the 
greater  part  of  the  Detroit  area  is  lack  of  drainage.  Thousands  of  acres' are 
seeded  late  in  the  sprii^  because  of  inadequate  means  of  carrying  away  the 
heavy  rainfall.  The  level  formations  so  characteristic  to  the  old  lakejbed 
area  do  not  allow  a  rapid  removal  of  surface  water  and  the  surface  ^soil  is 
usually  rather  heavy  and  impervious  thus  impeding  under  drainage,  j  The 
subsoil  is  represented  by  three  kinds  namely,  injpervious  clay,  sandy  clay, 
and  granular  clay  or  "honey  comb,"  yet  only  small  areas  of  the  two  latter 
conditions  occur.  Where  no  artificial  drainage  is  present  the  loss  of  water 
takes  place  by  evaporation  and  seep^e  both  of  which  remove  water  very 
slowly. 


Fig.  2. — Improper  dndnsge  Is  the  chief  Umlter  of  crop  yields  over  much  of  tbb  area. 

The  natural  drainage  is  well  established  for  the  level  land.  The  rivera 
Raisin,  Huron,  Ecorse  and  Rouge  and  creelcs  Otter  and  Swan  with  their 
tributaries  are  the  principal  natural  drainage  eharmels  for  the  area. 

Artificial  drains  are  being  built  in  the  form  of  dredge  ditches  as  well  as 
shallow  surface  field  and  tile  drains.  Only  a  few  dredge  ditches  are  con- 
structed because  for  the  most  part  outlets  for  smaller  drains  are  easily 
obtained.    The  larger  per  cent  of  the  field  drains  consist  of  "dead  furrows" 
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made  when  plowing  the  land.  Such  dr^ns  cany  away  the  surface  water 
readily'but  do  not  drain  the  saturated  soil  and  subsoil,  ajtd  moreover  ret^uire 
conaiderable  time  in  tbcii  coustrud^oa  each  year  and  result  in  appreciable 
amounts  of  waste  land  in  cultivated  fields. 


Fig.  3. — N»iunJ  drainage  counea  uauoll;  aSotd  ample  outlet  for  tlla  drains. 


The  clhnatic  conditions  of  the  Detroit  area  are  fairly  uniform.  Near  Lake 
Erie  and  the  Detroit  river  frosts  are  retarded  somewhat  but  this  is  only 
for  a  few  days.  The  nature  of  the  top(^Eraphy  does  away  with  practically 
all  frost  pockets. 

Climatological  data  from  three  stations  of  the  U.  S.  Weather  Bureau  are 
given.  Data  from  the  Detroit  station  are  representative  of  the  water  front 
while  that  taken  from  Plymouth  represents  some  of  the  highest  land  in  the 
entjre  area.  The  latter  beii^  located  on  one  of  the  delta  formations  near  the 
glaciated  uplands.  Eloise  is  located  on  one  of  the  medium  elevations  of  the 
area  and  about  equidistant  from  the  shore  and  the  uplands. 
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The  climate,  from  an  agricultural  standpoint,  is  quite  desirable.  The 
wint«rs  are  of  medium  length  with  an  average  of  approximately  45  inches 
of  snow  fall.  The  summers  as  an  average  are  of  sufEcient  length  to  mature 
the  crope  grown.  The  rainfall  which  normally  is  30.8  inches  is  ideal  for  this 
location.  The  following  data  taken  from  four  U.  S.  Weather  Bureau  Stations 
in  the  area  give  valuable  information  regarding  the  time  of  frosts  and  the 
average  length  of  growing  season. 
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Severe  stonns  are  very  rare.  Hail  storms  occasionally  accompany  heavy 
rains  in  the  growing  season  and  cause  considerable  damage  to  com  and  oat 
crops.  Such  storms  are  only  local,  however,  usually  ran^ng  from  }i  ^  14 
mile  in  width  and  from  ^  to  1^  miles  in  lei^h.  Kecords  from  this  portion 
of  Michigan  show  an  average  of  134  clear  days  per  year,  101  days  partly 
cloudy,  and  130  days  cloudy.  The  prevailing  winds  are  from  the  southwest, 
the  local  winds,  however,  have  an  important  bearing  on  this  particular  area 
because  of  the  close  proximity  to  the  water.  The  differences  in  changes  of 
temperature  of  the  air  over  the  land  and  water  cause  local  winds,  called 
lake  breezes,  which  are  important  from  an  agricultural  standpoint  durii^ 
the  hot  part  of  the  season. 


AGRICULTURE 

The  agricultural  development  was  slow.  The  first  ^riculture  started  near 
Lake  Erie  and  along  the  Raisin  and  Huron  rivers  on  the  higher  and  sandy 
lands,  was  due  to  ease  of  clearing  and  of  tillage,  and  to  natural  drainage. 
As  water  transportation  developed  making  accessible  the  markets  of  Detroit 
and  Toledo,  agriculture  rapidly  developed  into  an  important  industry.  At 
present  74  per  cent  of  this  fertile  lake  bed  is  improved.  The  last  to  be  de- 
veloped (1850-1875)  was  the  low  land  in  the  extreme  southeastern  part  of 
Lenawee  and  the  southern  part  of  Monroe  counties  known  as  the  "black 
swamp"  by  the  Indians  and  French  settlers.  This  includes  some  of  the  best 
agricultural  lands  in  the  United  States. 

Owing  to  soil  and  climatic  conditions  this  area  has  a  wide  crop  adaptation. 
Although  the  staple  farm  crops  are  grown,  there  has  been  considerable  change 
in  the  yields  and  crops  grown  since  the  area  was  first  cultivated.  Com, 
wheat  and  potatoes  were  the  first  principal  crops  rabed.  The  rapid  depletion 
of  the  fertility  of  the  sandy  land  lowered  the  yields,  while  the  production 
increased  on  the  heavy  land  because  of  artificial  drainage.  On  account  of 
the  introduction  of  live  stock,  the  proximity  to  large  markets  the  aspect  has 
changed  until  at  present,  the  live  stock,  dairying,  grain  and  hay  fanning  and 
truck  gardening  have  reached  a  high  state  of  development. 

While  a  greater  part  of  the  grain  produced  is  fed  to  live  stock  on  the  farm, 
some  is  marketed.  In  the  heavy  laud  districts  usually  more  grain  is  grown 
than  can  be  fed  to  the  stock  but  the  reverse  is  true  on  the  sandy  land.  Of 
the  southem  half  of  the  area  approximately  24  per  cent  of  the  improved  land 
is  seeded  to  com  annually  while  of  the  north  half  com  is  grown  on  only  15 
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per  cent.  In  the  dairy  districts  com  is  used  mainly  for  silage  wUle  in  the 
grain  districts  it  is  husked  from  the  stalk  and  stored  for  feeding  purposes. 
A  greater  part  of  the  com  is  grown  on  heavy  land,  the  average  yield  thereon 
beii^  40  to  55  (72  lbs.  ear  com)  bushels  per  acre.  On  sandy  land  the  yield 
is  rather  Ught  being  about  25  bushels  per  acre.  There  is  a  tendency  to  sub- 
stitute rye  and  barley  for  com  as  sources  of  grain  for  livestock. 

Oats  are  quite  extensively  grown  on  both  light  and  heavy  land.  Appron- 
mately  14  per  cent  of  the  improved  land  is  seeded  to  this  crop.  In  more 
recent  years  the  oat  crop  is  being  replaced  to  an  appreciable  extent  by  wheat. 
The  heavy  land  yields  as  an  average  about  50  bushels  per  acre  while  the  sandy 
lands  yield  only  about  half  this  amount.  Only  a  small  per  cent  of  the  o&U 
raised  are  fed  on  the  farm. 

The  Wheal  acre^e  is  gradually  increaaii^  throughout  the  area.  Fall 
sown  wheat  has  not  been  winter  killed  to  any  great  extent,  for  a  number  ol 
years;  this  together  with  the  high  price"  accounts  for  the  increased  acreage, 
Practically  all  of  this  crop  is  grown  on  heavy  land,  the  average  yield  being 
about  25  bushels  per  acre. 

Barley  has  recently  become  an  important  crop  and  its  acreage  is  gradually 
increasing.  Its  production  is  confined  to  the  heavier  soils,  the  average  yield 
being  about  40  bushels  per  acre.  Most  of  this  crop  is  grown  for  feeding 
purposes  taking  the  place  of  com  when  the  supply  of  the  latter  is  limited. 

On  sandy  land,  which  is  becoming  depleted  of  its  fertility,  rye  is  one  of 
the  main  crops.  Most  of  the  rye  produced  is  marketed.  The  yields  ob- 
tained are  quite  variable  depending  upon  the  fertility  of  the  land.  Potatoes 
is  another  important  sandy  land  crop.  The  yield  averages  approximately 
100  bushels  per  acre. 

The  Hay  Crop  con^ts  mainly  of  a  mixture  of  timothy  and  clover  and 
occupies  quite  a  large  acreage  throughout  this  area.  The  need  of  growing 
clover  in  order  to  maintain  the  fertility  of  the  soil  is  generally  recognized 
and  for  this  reason  the  acreage  of  clear  timothy  is  rapidly  decreasing.  While 
mast  of  the  hay  crop  is  fed  some  is  put  on  the  market  and  shipped  to 
eastern  points. 

Otk^r  Crops  of  minor  importance  which  thrive  when  properly  managed 
are  buckwheat  on  poor  sandy  land,  sugar  beets  on  heavy  land  near  beet 
factories  or  where  they  can  be  easily  shipped,  and  alfalfa  which  is  just  ban- 
ning to'  be  grown  extensively  in  the  area. 

Truck  Gardening  occupies  a  very  prominent  position  in  the  agriculture  of 
this  area.  Along  the  lake  front  and  in  much  of  Wayne  county  truck  farming 
predominates.  Good  transportation  facilities  in  these  districts  make  it 
quite  easy  to  reach  such  excellent  markets  as  Detroit,  Toledo  and  Monroe. 
Most  of  the  produce  marketed  is  consumed  in  these  cities  yet  some  is  shipped 
by  rail  and  water  to  eastern  markets  such  as  Cleveland  and  Buffalo. 

Fruit.  Very  little  tree  or  bush  fmits  are  grown  other  than  for  the  farmers' 
individual  needs. 

Live  Stock.  The  fallenttig  of  live  slock  is  an  important  industry  in  most 
of  the  grain  growii^  sections.  The  two  principal  classes  of  stock  fed  are 
hogs  and  beef  cattle.  In  some  sections  lambs  are  fed  with  profit  but  as  yet 
the  number  fattened  is  relatively  small.  Practically  all  of  the  hoga  fitted 
for  market  are  raised  in  this  area  but  the  reverse  is  true  of  the  berf  cattle 
and  sheep.  A  lai^e  per  cent  of  the  hve  stock  is  put  on  the  markets  m  Detroit, 
Toledo,  Cleveland  and  Buffalo  by  the  farmers  who  have  fattened  them. 

The  horses  of  this  area  are  above  the  average  of  the  State  in  quaUty.    The 
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heavy  soils  necesatste  the  use  of  a  heavier  type  of  horses  than  is  usually 
found  on  the  sandy  districts  of  Michigan. 

Dairying  is  important  to  the  area.  Throughout  Wayne  county  and  alot^ 
the  lake  in  Monroe  county  the  lai^r  farms  are  devoted  principafly  to  dairy- 
ing. In  other  sections  this  type  of  farming  is  secondary  although  nmny 
farmers  keep  from  five  to  seven  cows. 

The  genercd  methods  of  farming  that  are  followed  are  somewhat  different 
from  those  practiced  in  other  parts  of  Michigan,  the  systems  used  being 
practically  the  same  as  are  employed  in  the  com  belt  districts  of  Ohio,  Indiana 
and  Illinois.  Grains  are  threshed  mainly  from  the  shock  in  the  field  and  com 
for  grain  is  husked  from  the  standing  stalk.  Hay  is  stored  in  large  bams, 
very  little  being  stacked  outside.  Modem  machinery  is  used  in  practically 
all  branches  of  farming,  the  heavy  land  necessitating  the  best  grades  of  farm 
machinery  obtainable.  The  value  of  the  farm  buildings  and  their  upkeep 
is  generally  directly  proportional  to  the  value  of  the  land  on  which  they  are 
located.  The  famis  of  the  heavy  land  districts  are  as  well  equipped  in  this 
respect  as  any  in  the  United  States;  large  stock  and  hay  wims  with  well 
constructed  »los  are  conmson,  and  the  residences  on  this  land  for  the  most 
part  are  well  constructed  and  supplied  with  modern  farm  home  conveniences. 
The  farm  buildings  and  their  state  of  repair  on  the  sandy  areas,  as  a  rule,  are 
not  so  commendable. 

Commercial  Fertilizers.  A  large  amount  of  fertilizer  is  used  throughout 
this  entire  area,  complete  fertilizers  varying  in  composition  being  preferred 
by  the  farmers.  In  the  sugar  beet  districts  fertilizers  with  high  potash 
content  are  in  demand  while  in  the  grain  growing  districts  phosphorus 
receives  more  emphasis.  Local  dealers  in  towns  of  Monroe  and  Lenawee 
counties  handle  from  three  to  twelve  car  loads  of  fertilizer  per  year.  In  the 
northern  half  of  the  area  the  consumption  is  less  because  of  greater  amounts 
of  available  manure.  Fertilizers  are  applied  mainly  to  the  wheat  and  com 
crops,  the  amount  applied  varying  from  100  to  400  pounds  per  acre  with  an 
average  application  of  175  pounds.  Practically  all  of  the  fertilizer  is  dis- 
tributed by  means  of  drills  with  fertilizer  attachments.  Acid  phosphate  has 
been  used  in  only  a  few  cases  but  has  given  excellent  results  where  employed. 
Very  fittle  lime  has  been  used  in  this  area.  The  sandy  soils  which  have 
received  an  application  have  given  good  results  while  the  heavy  soils  do  not 
seem  to  respond  to  it.  Different  forms  of  lime  are  used  but  the  ground 
limestone  is  the  most  popular,  from  500  to  1,000  pounds  per  acre  being  used. 

Barnyard  Manure.  Because  of  the  large  amount  of  live  stock  fattened  in 
this  area  bamyard  manure  is  produced  in  large  quantities.  Unfortunately 
the  greater  part  of  it  is  carelessly  handled,  large  piles  being  exposed  to  the 
weather  for  long  periods  of  time.  Practically  all  of  the  manure  is  distributed 
by  means  of  manure  spreaders.  Autumn  applications  are  common  on  the 
undrained  heavy  soil  since  it  is  practically  unpossible  to  spread  the  manure 
in  early  spring. 

The  Size  of  the  Farms  Varies.  In  the  grain  and  livestock  fanning  districts 
the  acreage  approximates  eighty  acres.  Nearer  Detroit  and  Toledo,  Ohio, 
farms  are  quite  small  averaging  approximately  eight  acres.  About  75  per 
cent  of  the  farms  on  heavy  land  and  90  per  cent  of  those  on  sandy  soil  are 
operated  by  the  owners.  Near  Detroit  a  different  condition  prevails  since  the 
farms  are  owned  largely  by  city  men. 
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SOILS 


The  soils  from  this  region  are  mainly  those  derived  from  glacial  deposits. 
The  reworking  by  water  and  wind,  weatheiii^  and  plant  growth  have  changed 
the  aoils  to  a  great  extent.  The  surface  soils  are  usually  friable  and  well 
supplied  with  organic  matter.  The  sandy  areas  are  probably  shore  lines  of 
ancient  lakes  but  they  have  been  reworked  by  both  wind  and  water  until 
all  semblance  of  beach  lines  is  now  gone. 
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The  underlying  rock  is  limestone  and  varies  from  10  to  300  feet  from  the 
surface.  Where  the  limestone  approaches  the  surface  it  is  removed  and  used 
for  agricultural  lime,  for  road  building  and  for  other  purposes.  Between 
Detroit  and  Rockwood  the  rock  lies  near  the  surface  and  here  large  stone 
industries  are  established. 


HEAVY  SOILS 


Extent  of  Type: 

This  soil  type  is  rather  limited  in  extent  covering  approximately  10  per 
cent  of  the  area.  It  includes  the  "  black  swamp  "  repon  so  well  known  to  the 
Indians  and  early  settlers.  It  is  most  extensive  in  Lenawee  coimty  coverii^ 
parts  of  Fairfield,  Ogden,  Riga  and  Deerfield  townships.  Whitford,  Summer- 
field,  Bedford  and  Erie  townships  in  Monroe  county,  and  Ecorse  and  Mon- 
guagon  in  Wayne  county  also  have  limited  areas  of  this  valuable  soil. 

Topography  and  Variations  in  Type: 

The  topography  of  the  clay  loam  is  level  to  slightly  undualting.  There 
probably  is  no  other  area  of  this  extent  in  Michigan  which  presents  such  a 
flat  surface  feature. 

The  area  is  quite  uniform  in  type  yet  the  slight  changes  in  topography  are 
invariably  followed  by  a  change  of  type  or  variation?  in  the  same  type.  The 
lower  lands  contain  a  clay  soil  high  in  organic  matter  which  makes  them 
quite  friable.  The  knolls  are  composed  of  much  lighter  soil  than  the  level 
land  and  could  correctly  be  classed  as  loam,  however,  the  extent  of  these  two 
variations  in  type  is  quite  small  and  therefore  they  have  not  been  isolated 
on  the  accompanying  soil  map. 
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Description: 

The  surface  Boil  to  an  average  depth  of  10  inches  is  a  black  clay  loam, 
quite  friable  due  to  the  high  content  of  organic  matter.  Occasionally  in 
the  lower  layers  of  the  surface  soil  there  are  yellow  to  brown  mottUngs. 
The  subsoil  is  a  yellowish  brown  clay  well  mixed  from  10  to  20  inches 
with  the  larger  silt  particles.  This  stratum  also  contains  grayish  brown 
mottlings.  Below  20  inches  is  a  yellowish  clay  quite  impervious  to  water. 
Occasionally  a  sandy  clay  subsoil  is  encountered  just  beneath  the  surface 
soil  but  at  20  inches  it  changes  into  the  impervious  clay  so  typical  of  this 
area.  Granular  subsoils  are  also  to  be  found  just  beneath  the  surface  soil 
but  such  variations  are  only  small  in  extent. 


e  heavv  land.    Usually  the  jleldg  are 


Drainage: 

This  tj^e  of  soil  has  the  poorest  natural  drainage  of  any  in  the  area  EUid  has 
caused  a  demand  for  artificial  drainage.  Dredged  ditches,  surface  field  and 
tile  drains  have  been  constructed  until  now  this  netwMk  of  channels  carries 
away  the  water  sufficiently  for  field  crops  to  grow.  Surface  field  drains  are 
probably  in  use  more  than  are  tile  because  of  their  inexpensive  installment, 
yet  they  necessitate  an  excessive  amount  of  waste  land  in  the  cultivated 
field.  Tile  drains  for  the  fields  are  quite  expensive,  the  heavy  subsoil  neces- 
sitating the  placing  of  laterals  close  together,  however,  they  furnish  the  most 
efficient  meaas  of  drainage.  Field  results  show  that  for  greatest  efficiency 
tile  lines  should  be  placed  not  more  than  4  rods  apart.  Where  the  sandy 
clay  or  granular  subsoil  occur  tile  lines  can  be  placed  from  6  to  8  rods  apart 
and  yet  give  efficient  results.  Although  large  amounts  of  money  have 
been  invested  in  drainage  systems  it  can  be  truthfully  said  that  the  lack  of 
drainage  is  still  the  first  limiting  factor  to  the  most  successful  agriculture. 
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Fig.  4.—Tbera  la  much  land  that  does  w 

COMPOSITION   OF  THE    CLAY    LOAM 

Nitrogen  avd  Organic  Mailer.  The  clay  loam  contains  a  large  amount 
of  organic  matter  as  is  evidenced  by  the  black  color  of  the  soil.  Analyses 
show  from  9.19  per  cent  to  9.73  per  cent  of  volatile  matter  which  corresponds 
approximately  to  oi^anic  matter.  This  is  due  to  the  swampy  condition  in 
which  these  areas  exist^'d  for  many  years  thus  allowing  heavy  growths  of 
vegetation  to  return  to  the  soil.  The  nitrogen  content  corresponds  with  the 
high  content  of  organic  matter,  analyses  showing  from  5,800  to  6,416  pounds 
per  acre  six  inches  as  compared  to  3,000  pounds  in  avert^e  black  clay'loam 
soil.  The  dark  green  color  of  the  growing  crops  and  the  general  tendency 
of  small  grains  to  lodge  liear  witness  of  the  plentiful  supply  of  this  element. 

Phosphorus.  This  soil  contains  a  medium  amount  of  phosphorus,  analysis 
showing  from  1,600  to  1,780  pounds  per  acre  six  Indies.  This  type  normally 
should  contain  approximately  2,000  pounds  of  phosphorus  per  acre.  Phos- 
phate fertilizers  when  applied  usually  give  excellent  returns  as  might  be 
expected.  Unlike  the  element  nitrogen,  phosphorus  can  not  be  drawn  from 
the  air  by  certain  crops  and  stored  in  the  soil  but  must  be  added  in  either 
manures  or  fertilizers.  Owing  to  the  slight  deficiency  of  this  vital  element 
it  may  be  well  said  that  phosphorus  is  the  first  limiting  element  of  soil  fer- 
tility and  its  supply  should  be  replenished  at  frequent  intervals. 

PoltMsium.  The  element  potassium  is  much  more  abundant  in  soils  than 
either  nitrc^en  or  phosphorus,  normal  soils  containing  approximately  30,000 
pounds  of  this  element  m  the  surface  layer.  Analyses  of  the  potassium 
content  of  the  clay  looms  show  variations  from  47,290  to  49,660  pounds  per 
acre  of  surface  soil.  Potash  fertilizers  have  not  given  satisfactory  results 
except  where  sugar  beets  have  been  grown  which  indicates  as  does  the  analy- 
sis, that  this  element  is  well  supplied. 

Soil  Acidity  and  Liming.  Chemical  analyses  show  that  the  greater  part 
of  the  subsoib  contain  carbonates  and  that  the  surface  soils  are  alkaline  or 
sweet  in  reaction.    Excellent  crops  of  clover  and  alfalfa  are  being  grown 
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without  the  use  of  lime.  Applications  of  lime  have  been  made  but  no  in- 
creased yields  have  resulted.  All  conditions  indicate  that  an  abundant 
supply  of  lime  is  present  in  this  type  of  soil. 


SILT  LOAM 


Exteni  of  Type.  The  silt  loam  is  probably  first  in  importance  in  this  area 
because  of  its  fertility  and  extent.  This  type  covers  approximately  30  per 
cent  of  the  area  and  is  not  confined  to  any  one  district  but  as  shown  by  the 
map  is  well  distributed  throughout  the  area.  The  most  extensive  deposits 
are  in  north  eastern  Lenawee  county,  northwestern  Monroe  county  and  in 
the  extreme  southern  part  of  Washtenaw  county.  Another  area  of  importance 
is  along  Lake  Erie  and  the  Detroit  river. 

Topography  and  Variations  in  Type.  The  topography  of  this  type  is  from 
level  to  undulating.  Where  the  old  shore  lines  occur  there  are  ridges  which 
should  be  classed  as  rolling,  however,  these  cover  only  a  very  small  part 
of  these  areas  and  are  scarcely  worthy  of  mention. 


FIs.  7. — Alalke  clover  does  well  on  the  heav;  l&ad. 

The  level  land  is  composed  of  a  heavy  phase  of  silt  loam.  The  undu- 
lating districts  are  more  variable,  the  knolls  being  typical  silt  loam,  while 
the  draws  and  pockets  range  from  clay  loam  to  heavy  silt  loam.  The  latter 
type  is  high  in  organic  matter  and  quite  friable.  The  old  shore  line  ridges 
are  sandy  in  nature  varying  from  a  gravelly  sand  to  heavy  sandy  loam. 

Description.  The  surface  soil  ia  composed  of  a  heavy  phase  of  dark 
colored  silt  loam  containing  a  high  content  of  organic  matter  which  renders 
it  quite  friable.  The  depth  on  the  knolls  ranges  from  4  to  6  inches,  on  the 
level  land  8  inches,  while  in  the  draws  and  pockets  it  is  much  deeper,  ranging 
from  10  to  20  inches. 

The  subsoil  is  a  yellowish  brown  tight  clay  to  a  depth  of  18  to  20  inches. 
Gray^  brown  mottling  is  quite  prominent  in  this  stratum.  Below  20  inches 
occurs  a  quite  impervious  yellow  clay  except  in  the  lower  lands  where  the 
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subsoil  is  grayish  blue  in  color.  A  more  uniform  subsoil  than  that  which 
occurs  under  this  soil  is  seldom  found. 

The  subsoil  of  the  old  shore  line  ridges  is  generally  gravelly.  Several 
gravel  pockets,  shallow  in  depth,  furnish  considerable  material  for  road 
ballast. 

Drainage.  This  type  of  soil  has  a-  good  natural  drainage  system  so  far  as 
the  main  drain  channds  are  concerned,  yet  drainage  is  one  of  the  first  limiting 
factors  to  most  succeasfiU  agricultuiBl  practices.  The  majority  of  the 
drains  are  open  surface  ditches  although  tile  are  rapidly  replacing  them  in 
most  communities.  The  excessive  amount  of  waste  land,  caused  by  open 
surface  drains,  can  l>e  put  under  cultivation  when  tile  are  used  and  thus 
compensate  in  part  for  the  excessive  cost  of  tile  draining.  The  digging  of 
the  greater  part  of  the  channels  for  tile  drains  by  ditching  machines  has 
also  reduced  somewhat  the  cost  of  installing.  Lateral  tile  drains  usually 
should  be  placed  4  rods  apart  for  best  results  with  this  soil. 

COMPOSITION 

Nitrogen  and  Organic  Matter.  The  organic  matt^  content  is  good  beii^ 
only  slightly  lower  than  that  of  the  clay  loam.  Analyses  show  an  average 
of  nine  per  cent  of  voktile  matter,  which  indicates  the  relative  amount  of 
oi^anic  matter  contiuned. 

The  nitrogen  content  of  this  soil  is  quite  high,  analyses  showing  an  average 
of  5,638  pounds  in  the  surface  layers.  Crop  conditions  point  toward  a  suffi- 
cient supply  of  this  element  for  the  present  especially  if  clover  is  grown  once 
in  a  four  year  rotation  and  residues  and  manure  are  returned  to  the  soil. 

Phosphorus.  The  phosphorous  content  b  not  great.  Analyses  show 
an  average  of  1,456  pounds  per  acre  in  the  surface  layers  compared  to 
1,800  or  2,000  pounds  which  this  type  of  soil  should  normally  carry.  Since 
phosphorus  is  an  essential  element  in  the  formation  of  the  seeds  of  plants 
and  since  the  silt  loam  areas  are  devoted  mainly  to  grain  growii^,  it  can  be 
truthfully  said,  that  from  the  standpoint  of  soil  fertiUty,  phosphorus  is  the 
first  limiting  element. 

Potassium  is  prraent  ui  relative  abundance  in  this  soil,  ana^^es  of  saiuples 
taken  from  this  area  showing  an  average  of  45,920  pounds  per  acre  in  the 
surface  layer. 

Soil  Acidity  and  Liming.  The  soils  of  this  type,  as  the  analyses  show  are 
either  alkahne  or  neutral — conditions  commonly  known  as  "sweet."  In 
some  cases  the  surface  soil  contains  traces  of  carbonates  as  small  fragments 
of  limestone  while  the  subsoils  are  alkaline  in  reaction  and  usually  carry 
carbonates.  Crops  such  as  the  clovers  and  alfalfa  produce  excellent  yieltfe 
on  this  soil  which  indicate  an  abundance  of  lime.  Results  obtained  from  the 
use  of  hme  have  not  been  profitable. 

UfilTHODe   OF  lURROVINO   CLAY   LOAM   ANtD   THB  SILT  LOAM  SOILS 

Tilih.  Tillage  operations  are  relatively  difficult  on  clay  loam  and  mlt 
loam  soils.  The  lack  of  drainage  and  fineness  of  texture  limit  to  a  certain 
extent  successful  cultivation.  Early  spring  plowing  when  wet  has  probably 
been  the  greatest  factor  m  increasing  the  ^eady  poor  tilth.  The  pasturing 
of  stock  on  wet  land  has  also  puddled  large  areas  which  now  require  excellent 
methods  of  management  to  biii^  them  back  to  a  proper  conation  of  tilth. 
The  rotation  of  crops  and  the  turning  down  of  orgamc  matter  of  any  nature 
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combined  with  the  free  use  of  the  disc  and  fall  plowing,  wherever  possible, 
are  very  important  practices.  Soils  that  are  high  in  oi^anic  matter  and 
are  not  deficient  in  lime  are  far  less  difficult  to  maintain  in  a  well  granulated 
condition  or  In  good  tilth,  than  are  those  that  are  deficient  in  these. 

Fertilizalion.  The  chemical  composition  of  these  types  show  an  abundant 
supply  of  plant-food  elements  with  the  exception  of  phosphorus.  Though  the 
supply  is  abundant  it  should  not  be  overlooked  that  the  plentiful  elements 
should  in  no  way  be  wasted  but  maintained  or  increased. 

Nitrogen.  Without  doubt  the  cheapest  means  of  maintaining  the  supply 
of  nitrogen  is  by  the  production  of  leguminous  plants.  When  such  crojo  are 
turned  back  to  the  land  or  fed  to  stock  and  the  residue  and  manure  properly 
cared  for  and  applied  to  the  soil  they  may  add  a  large  amount  of  this 
element. 


Fig.  8. — 9m>U  KTBlns  produce  well  on  the  slK  lo 
afford  evidei 

Good  rotations  will  include  at  least  one  legume  every  fourth  year.  The 
standard  rotations  for  heavy  soils  are  given  in  figures.  When  the  price  of 
seed  is  not  too  great,  the  sowing  of  clover  with  wheat  and  oats,  the  same  to 
be  turned  under  in  the  autumn  is  good  practice.  Such  systems  and  the  high 
nitrogen  content  of  these  soils  make  the  use  of  commercial  nitrogen  un- 
necessary except  in  small  amounts  in  some  cases  to  assist  in  early  growth. 

Phosphorus.  The  element  phosphorus  commonly  spoken  of  as  phosphoric 
acid,  the  supply  of  which  is  somewhat  limited  in  these  soils,  is  contained 
largely  in  the  seed  or  grain  of  crops.  Where  grain  farming  is  practiced,  as 
it  is  on  these  types,  we  can  logically  draw  the  conclusion  that  large  amounts 
of  phosphorus  are  removed  from  the  soil.  It  is  true  some  of  this  valuable 
element  is  returned  to  the  soil  by  means  of  crop  residues  and  manure  but  the 
amount  so  returned  on  the  average  farm  is  small  in  comparison  with  that 
which  is  taken  away  by  the  crops.'     Where  barnyard  manure  is  applied 

*  For  lufgeatlonj  concemhu  the  use  ol  phoaplialea  aend  lor  Poputai  BuUellu  ZS4,  MlchlfOQ 
Acricultuid  Elxpaiimeot  StMlon. 
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to  the  laoid  it  should  be  reinforced  with  acid  phosphate  or  raw  rock  phosphate. 
It  is  a  conunon  practice  to  distribute  the  acid  phosphate  by  means  of  the 
fertilizer  attachment  on  the  grain  drill  at  the  time  of  scedii^.  If  it  is  applied 
to  each  of  the  grain  crops  in  the  rotation  the  application  should  range  from 
100  to  200  pounds  per  acre.  Where  it  is  added  to  one  of  the  small  grains 
and  the  tilled  crop  in  a  four  year  rotation  200  to  300  pounds  per  acre  should 
be  distributed.  Whore  raw  rock  phospliate  is  made  use  of  as  a  carrier  of 
phosphoric  acid  it  may  be  applied  just  previous  to  or  following  the  dis- 
tribution of  the  manure  and  turned  under.  An  application  of  1,500  pounds 
per  acre  should  endure  6  years. 

Our  fertilizer  testa  with  sugar  beets  thus  far  show  that  phosphoric  acid 
increases  the  yields  more  by  far  than  other  elements  of  plant-food.  Thus 
if  complete  fertilizers  are  used  they  should  carry  a  high  per  cent  of  phosphoric 
acid  and  a  smaM  amount  of  nitrogen  and  potash.  The  use  of  the  latter 
should  be  looked  upon  primarily  as  stimulation  of  early  growth  and  root 
development  inasmuch  as  the  soib  are  abundantly  supplied  with  these 
elements.  If  acid  phosphate  is  used  alone,  and  in  many  cases  this  is  the  best 
fertilizer,  200  to  400  pounds  should  be  broadcasted  per  acre.  If  the  phosphate 
is  applied  in  the  row  the  quantities  should  he  much  less. 

Potassium.  The  element  potassium  or  potash  b  largely  contained  in  the 
stems  of  plants.  Under  the  ordinary  methods  of  farmii^  a  greater  part 
of  the  stalk  and  straw  is  returned  to  the  land  and  consequently  the  loss  of 
potash  is  not  great.  The  supply  in  the  soil  being  abundant  this  problem  is 
of  minor  importance  for  most  crops.  Yet  the  popularity  of  fertilizers  high 
in  potash  for  sugar  beets  surest  that  this  should  be  considered  in  the  pro- 
duction of  this  crop. 

Good  till^e  practices,  the  growing  of  legumes  in  the  rotation  and  turning 
back  crop  residues,  through  use  of  reinforced  manures  and  the  judicious 
use  of  fertilizers  means  the  successful  management  of  these  types  of  soil. 

Land  Values.  The  soil  comprLsing  the  clay  loam  and  silt  loam  districts 
of  this  area  compare  favorably  in  fertility  with  the  best  in  the  United  States 
and  in  protluctivity  with  the  fertile  lands  of  the  corn  belt  of  the  west  and 
south,  yet  the  price  of  these  fine  textured  or  heavy  lands  is  low  when  all 
conditions  arc  considered.  In  some  regions  of  the  corn  belt,  land  of  no 
greater  fertility  and  not  so  favorably  located  b  disposed  of  for  much  higher 
prices  than  the  selling  values  of  land  in  the  Detroit  area- 


SANDY  SOILS 

Extent.  The  brown  sandy  soils  are  the  most  extensive  on  the  area,  cover- 
ing approximately  40  per  cent  of  it.  They  arc  moreover,  well  dbtributed 
throughout  the  entire  area.  The  central  part  of  Wayne  county  and  the 
southern  half  of  Monroe  county  are  practically  all  sand  and  comprise  two  of 
the  largest  sandy  districts  in  the  area.  Seneca,  Deerfield  and  Blissfield 
townships  contain  the  greater  part  of  the  sand  in  Lenawee  county. 

Topography  and  Variations  in  Type.  The  topography  of  the  sands  varies 
from  gently  undulating  to  slightly  rolling.  Occasionally  relatively  level 
districts  of  narrow  expanse  are  encountered.    Considerable  variations  in 
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texture  occur;  The  ridges  are  usually  composed  of  light  sand.  Typical 
medium  sandy  soil  makes  up  the  undulating  land,  which  contains  sufficient 
oi^anic  matter  and  fine  soil  particles  to  prevent  blowing.  In  the  draws  and 
low  situations  the  texture  is  somewhat  finer  ranging  from  heavy  medium 
sand  to  typical  sandy  loams  with  very  high  contents  of  organic  matter. 
Occasionally  in  the  swails  the  surface  soil  has  been  washed  away  and  the 
heavy  clay  subsoil  is  exposed. 

-       DESCEIPTION 

Light  Sand.  This  soil  is  found  on  the  ridges  and  is  commonly  spoken  of 
as  blow  sand.  It  is  rather  limited  in  extent  and  for  the  most  part  is  covered 
with  vegetation  which  holds  the  sand  in  place.  The  surface  10  inches  varies 
from  a  yellow  to  yellowish  brown  medium  sand,  containing  only  a  very  small 
amount  of  fine  material.  The  organic  matter  content  is  exceedingly  low. 
The  subsoil  has  the  same  texture  as  the  surface  soil,  is  only  slightly  lighter 
in  color  and  varies  in  depth  from  3  to  30  feet.  This  sand  rests  upon  the 
impervious  clay  subsoil  so  typical  of  the  lake  bed  area. 


Fig.  9.— The  light  sand  soils  ate  n< 
loo  near  the  bu 

Typical  Sand.  This  soil  is  quite  extensive  and  furnishes  the  best  agricul- 
tural land  in  the  sandy  districts.  The  surface  soil  to  a  depth  of  ten  inches 
is  a  medium  sand  ranging  in  color  from  a  dark  yellow  to  light  brown.  It 
contains  a  high  per  cent  of  fine  material  for  a  medium  sandy  soil,  yet  the 
organic  matter  content  is  high  enough  to  furnish  typical  sandy  structure. 
The  subsoil  is  composed  of  sand  somewhat  lighter  in  color  than  the  surface 
and  contains  more  fine  soil  particles.  It  varies  in  depth  from  only  a  few 
inches  to  about  12  feet  and  is  underlaid  by  impervious  clay  subsoil.  In  some 
places  the  clay  lies  within  IS  inches  of  the  surface  and  in  such  cases  it  impedes 
drmnage. 
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Heavy  Sand.  This  eoil  is  not  exteneive  being  found  in  the  lowlands  and 
swaib.  The  surface  is  usually  a  eand  or  a  light  phase  of  saqdy  loam,  con- 
taining a  high  content  of  organic  matter.  The  subsoil  usually  consists  of  a 
few  inches  of  sand  resting  on  the  tight  subsoil. 

DraiTMge.  Where  the  clay  subsoil  is  within  two  feet  of  the  surface  the 
drainage  problem  is  just  as  complex  as  in  the  heavy  land.  On  the  ridgea 
and  where  the  clay  subsoil  is  below  24  inches  drainage  is  not  a  difficult  problem. 
Outlets  and  natural  drainage  are  well  established  but  field  drains  are  not 
common.  The  greater  part  of  the  field  driuns  are  open  surface  ditches. 
The  cost  of  installii^  tile  drains  is  practically  as  great  as  in  the  heavier 
lands  and  the  returns  from  such  land  are  usually  smaller,  as  a  result  the 
constructing  of  permanent  drains  has  not  been  extensive.  While  surface 
drains  carry  away  considerable  water  during  the  wet  season  they  afford 
rather  inefficient  means  of  drainage.  Field  results  show  that  tile  drains  are 
the  most  effective  when  prop^Iy  installed  and  where  the  clay  is  near  the 
surface,  laterals  should  be  placed  from  4  to  6  rods  apart  for  best  results. 


Cu«tu1  MtentloQ  to  the  mtet  ec 
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Soil  Acidity.  The  l^ht  type  of  sand  compriaing  the  ridges  is  deficient 
in  time  and  where  applications  of  it  have  be(ui  made  excellent  results  have 
been  obtained  especially  from  I^umioous  crops. 

The  typical  type  of  aand  for  the  most  part  contains  more  lime  than  the  above 
— this  beii^  especially  true  where  the  tight  subsoil  lies  near  the  surface. 
Where  8  to  10  feet  of  sand  overlies  the  clay  the  surface  soils  usually  show  a 
slight  acid  reaction. 

The  heavy  type  of  sand  is  usually  alkeiline  or  neutral  in  reaction  and  the 
need  of  lime  is  not  general. 

Nitrogen.  The  nitrogen  content  of  the  light  type  of  sand  is  quite  low. 
In  most  instances  it  is  less  than  1,400  pountS  per  acre  in  the  surface  layer. 
The  typical  type  of  sandy  soil  carries  somewhat  more  of  this  element  of  plants 
food,  the  average  being  about  1,835  poimds,  whereas  the  heavy  type  of  sand 
which  lies  in  the  depressions  and  swails  contains  larger  quantities,  the  amount 
present  being  quite  variable. 

'  Pkoaphoma.  The  phosphorus  situation  is  rather  critical.  The  chemical 
analyses  reveal  that  all  these  are  deficient  in  this  element  and  the  average 
was  found  to  be  1,091  pounds  per  acre  of  the  surface  soil. 

Potassium.  The  total  potassium  content  of  these  soils  is  good.  In  fact 
it  compares  favorably  with  the  finer  textured  or  heavier  soils  of  the  area. 
Where  the  vegetable  matter  is  low  and  stable  manure  is  not  available  in  ade- 
quate amounts  the  us6  of  commercial  potash  should  be  profitable. 

Cropping  Systems.  The  vegetable  matter  content  of  these  soils  should 
be  increased.  The  most  successfully  managed  are  those  upon  which  three 
year  rotations,  including  a  leguminous  crop,  are  practiced,  the  crop  residues 
and  stable  manure  being  properly  cared  for  and  returned  to  the  land,  A 
tilled  crop  and  a  small  grain  crop  are  grown  in  the  rotation.  In  some  cases 
the  rotation  is  extended  one  year  by  growing  a  mixed  meadow.  Such  practices 
supply  the  major  portion  of  the  nitrogen  that  is  required  in  crop  production 
and  thus  cut  down  the  expenditure  for  fertilizers.  Where  drainage  is  adequate 
alfalfa  may  be  grown  successfully  provided  the  soils  are  limed  and  properly 
fertilized. 

The  Lime  Situation.  The  practice  of  liming  should  be  more  general. 
It  is  needed  for  the  successful  production  of  clovers  and  alfalfa  and  increases 
the  yields  of  small  grains  except  on  some  of  the  fields  that  are  composed  of 
heavy  or  low  lying  sand.  The  lime  requirement  of  these  lands  ranges  from 
about  1,500  pounds  to  two  tons  per  acre  of  finely  ground  limestone.  Where 
alfalfa  is  to  be  grown  on  the  deep  sands  not  less  than  two  tons  should  be 
applied.  If  the  clay  lies  near  the  surface,  smaller  applications  of  lime  may 
Eufiice,  inasmuch  as  the  alfalfa  roots  reach  the  clay  which  is  high  in  lime. 
(For  further  information  on  liming  soils  send  for  Bulletin  No.  91  of  the 
Michigan  Agricultural  Experiment  Station.) 

Nitrogen.  There  m  a  general  need  for  nitrogen  on  the  sandy  lands  except 
those  that  run  high  in  vegetable  matter.  Where  unmixed  fertilizers  are 
purchased  nitrpgen  should  be  used  as  mtrate  of  soda  on  all  crops  in  the 
rotation  except  the  legumes.  Where  rye  or  wheat  is  grown  early  spring  top 
dressings  consisting  of  fifty  or  more  pounds  per  acre  should  be  made  with 
profit,  unless  ample  amounts  of  manure  are  applied  in  the  rotation.  If  clover 
is  grown  every  third  year  it  is  probable  that  the  size  of  the  application  of  the 
nitrate  should  be  reduced.  If  the  rotation  is  lengthened  to  four  years  the 
timothy  should  also  receive  a  top  dressing. 
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Phosphates  should  be  added  r^ularly  and  where  the  unmixed  goods  are 
made  use  of  about  two  hundred  pounds  of  16  per  cent  acid  phosphate  or  an 
equivalent  amount  of  phosphorus  in  double  superphosphate  should  be  applied 
to  the  grain  crops  in  a  three  year  rotation.  If  a  four  year  rotation  is  practiced 
an  additional  appUcatioQ  should  be  made. 

Poiash  should  be  applied  to  the  soil  just  before  being  devoted  to  those 
crops  that  respond  most  vigorously  to  it.  Our  fertility  testa  in  southern 
Michigan  show  that  clover  is  responsive  to  applications  of  potash.  When 
grown  on  infertile  sandy  soils,  potatoes  and  com  are  usually  considered  to 
be  favorably  affected  by  the  addition  of  it.  When  the  prices  are  not  ex- 
horbitant  from  50  to  100  pounds  may  be  applied  per  acre  unless  an  abundance 
of  manure  is  used  ot  the  soil  is  well  supplied  with  actively  decaying  vegetable 
matter. 

It  is  advisable  to  use  high  grade  goods  if  mixed  fertilizers  are  applied. 
Mixtures  for  these  soils  should  carry  2  to  4  per  cent  of  nitrogen,  10  to  12  per 
cent  phosphoric  acid  and  about  2  to  4  per  cent  of  potash.  These  should  be 
applied  at  the  rate  of  200  or  more  pounds  per  acre. 

Land  Values.     While  these  soils  are  for  the  most  part  poor  the  selling 


price  per  acre 
This  type  of  sol 
charged  excess] 


not  far  below  that  of  the  heavier  and  more  productive  ones. 
11  has  been  made  use  of  to  a  large  extent  by  speculators  who  have 
ive  prices  per  acre,  which  accounts  for  the  high  valuation. 


BANDT    LOAU 


Extent  of  Type.  This  type  covers  approximately  15  per  cent  of  the  area. 
It  occurs  as  delta  formations  where  the  lai^er  streams  flowed  into  the  old 
lake,  in  the  extreme  northern  part  of  the  district  on  the  lake  bed  and  along 
the  upland.  The  most  prominent  deposits  of  the  former  are  where  the  Huron, 
Raisen,  Saline  and  Rouge  rivers  enter  the  area. 

Topography  and  Variations  in  Type.  The  topography  for  the  most  part 
is  gently  undulating  to  rolling.  The  old  delta  formations  are  usually  gently 
undulating  with  a  gradual  slope  toward  the  lower  land.  This  type  in  the 
old  lake  bed  proper  is  undulating  to  rolling. 

Tliroughout  the  occurrence  of  the  sandy  loam  as  mapped,  there  are  a 
number  of  variations  from  the  predominating  type.  The  delta  formations 
arc  typical  in  texture,  with  the  exception  of  coarse  particles  or  small  stones 
which  have  been  thoroughly  mixed  with  the  soil.  This  type  in  the  old  lake 
bed  proper  is  quite  variable.  Small  areas  of  both  lowlands  and  uplands  are 
sand.  Ridges,  small  in  extent,  which  are  common  throughout  this  district 
are  also  of  the  sandy  class.  Some  heavy  soils  exist  in  the  very  low  situations 
but  the  deposits  are  too  small  to  be  considered  in  a  general  map. 

SANDY  LOAM  ON  DELTA  FORMATIONS 

Description.  The  surface  soil  ranges  from  4  to  12  inches  in  depth  and  is  a 
typical  sandy  loam,  light  brown  to  dark  grayish  in  color  and  is  loose,  friable 
and  well  drained.  It  contains  a  large  number  of  small  stones  near  the  up- 
land, the  number  gradually  diminishing  as  the  lower  lands  are  approached. 
The  type  grades  into  a  heavy  phase  near  the  low  lands,  however,  the  extent  of 
this  heavy  phase  if  very  small. 
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The  subsoil  is  qiiite  variable  in  texture,  but  for  the  most  part  it  contains 
sufficient  amounts  of  the  diffrfent  soil  separates  to  be  loamy  in  nature.  The 
heavy  subsoil  so  characteristic  of  this  region  is  so  far  removed  from  the 
surface  that  it  does  not  effect  the  surface  layers.  In  general  the  subsoil  of 
this  formation  can  be  classified  as  one  ideal  for  an  agricultural  region. 

Composition.  This  type  affords  a  very  productive  soil,  however,  little 
general  fanning  is  carried  on  here,  the  principal  occupation  being  truck 
farming.  The  ot^anic  matter  and  nitrogen  content  are  high,  nevertheless 
large  amounts  of  nitrogenous  fertilizers  arc  used.  Phosphorus  is  the  most 
deficient  of  any  of  the  elements,  analyses  showing  less  than  800  pounds  per 
acre  in  the  surface  layers.     The  potassium  supply  is  quite  high  as  is  true  of 

[iractically  all  of  the  take  bed  soils.     This  type  is  fairly  well  supplied  with 
ime  and  does  not  require  its  application  for  satisfactory  results. 

Fertilization.  In  as  much  as  truck  farming  predominates  on  these  soils, 
their  fertilization  involves  heavy  cash  crops.  Where  stable  manure  is  used 
freely  the  need  for  both  nitrogen  and  potash  is  not  so  great  as  it  is  where  such 
is  not  the  case.  The  liberal  use  of  acid  phosphate  together  with  the  manure 
and  small  amounts  of  immediately  available  nitrogen  for  early  cash  crops 
should  take  care  of  the  fertilization  of  these  soils*.  Vegetable  growers  in 
some  sections  are  using  less  manure  and  larger  quantities  of  mixed  fertilizers 
and  growing  catch  crops  for  green  manurii^  purposes. 


Fig.  13.— Truck  crops  d< 
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SANDT  LOAM  ON  OLD  LAKE  BSD 

Description.  The  surface  soil  to  depths  of  8  to  12  inches  is  a  black  sandy 
loam  containing  a  high  content  of  organic  matter.  The  fine  sand  content 
is  quite  high  making  the  type  a  light  phase. 

The  Bubsoil,  immediately  under  the  surface,  is  composed  of  fine  sand, 
grayish  in  color,  to  the  depth  of  about  24  inches  where  it  gradually  grades 
into  a  heavier  phase,  containing  a  high  content  of  silt  and  clay.  The  heavy 
clay  subsoil  varies  from  4  to  '8  feet  in  depth  from  the  surface. 

Drainage.  The  natural  drainage  of  the  delta  formations  is  ideal  requiring 
practically  no  artificial  drains  but  the  natural  drainage  on  the  lake  bed 
formation  is  very  poor,  the  tight  subsoil  coming  near  enough  to  the  surface 
to  hold  the  water.  Tile  drains  are  not  extensively  used  because  of  the  poor 
outlets.  A  greater  part  of  this  land  is  laid  out  in  lots  as  suburbs  of  Detroit 
and  agriculture  is  not  practiced  to  any  great  extent. 

Composition.  From  the  standpoint  of  soil  fertility  this  soil  is  practically 
the  same  as  the  type  in  the  delta  formation,  with  the  exception  of  a  slightly 
lower  phosphorus  content.  While  this  is  usually  classed  as  a  poorer  soil 
than  the  delta  formation  the  difference  is  due  principally  to  the  lack  of 
drainage  rather  than  to  the  composition.    Lime  is  not  needed  on  these  soils. 

Feriilization.  The  management  from  the  fertility  standpoint  is  rather 
difficult.  The  phosphorus  content  must  be  built  up  for  best  results  and  the 
organic  matter  content  maintained.  By  means  of  manures,  which  can  be 
obtained  from  near  by  cities,  and  by  the  hberal  use  of  high  phosphate  bearing 
fertilizers  this  land  can  be  kept  in  a  high  state  of  fertility  which  is  necessary 
for  successful  truck  gardening. 

FIXE  SANT>T   LOAM 

This  type  is  very  small  in  extent  covering  only  about  3  per  cent  of  the  area. 
Most  of  the  city  of  Detroit  is  located  on  it,  and  from  the  standpoint  of  agri- 
culture it  is  relatively  unimportant. 

The  topography  is  level  to  undulating  and  wide  variations  of  type  follow 
the  different  topographic  changes.  The  low  lands  classify  as  a  heavy  phase 
of  sandy  loam  while  the  ridges  vary  in  texture  from  blow  sand  to  clay. 

The  surface  soil  to  the  depth  of  8  inches  is  a  black  sandy  loam  quite  high  in 
organic  matter  and  containing  a  high  content  of  fine  and  very  fine  sand. 
From  8  to  36  inches,  the  subsoil  is  a  yellow  fine  sand,  beneath  which  the  more 
impervious  layer  of  clay  is  encountered. 

Drainage  on  this  type  for  the  most  part  is  quite  poor.  Where  ttere  is  land 
available  for  agricultural  purposes  it  is  generally  so  poorly  drained  that  pasture 
or  hay  crops  are  all  that  are  being  grown.  Outlets  are  established  but  the 
land  is  plotted  to  building  lots  and  little  is  bemg  done  in  an  agricultural 
way. 

This  soil  is  only  medium  in  fertility.  It  is  quite  well  supplied  with  organic 
matter,  nitrogen  and  potassium  but  phosphorus  and  lime  are  needed. 
Analyses  show  the  surface  layer  to  contain  as  an  average  916  pounds  of 
phosphorus  and  to  be  acid  in  reaction.  For  the  city  gartlen  complete  fertil- 
izers carryii^  from  3  to  4  per  cent  of  nitrogen,  8  to  12  per  cent  of  phosphoric 
acid  and  2  to  3  per  cent  of  potash  should  be  used  at  the  rates  of  300  to  1,000 
pounds  per  acre.  They  should  be  worked  into  the  soil  just  previous  to  seed- 
ing or  planting,  to  a  depth  of  about  three  inches.  CtO(1>?Ic 
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Another  saody  lOam  quite  small  in  extent  covering  less  than  1  per  cent  of 
the  area.  It  comprises  a  terrace  formation  or  second  bottom  land  and  is 
located  in  Ypeilanti  township  in  Washtenaw  county  and  Van  Buren  tewnship 
in  Wayne  county,  extending  along  the  flood  plains  of  the  Huron  river. 

The  topography  is  level  to  undulating  which  is  characteristic  of  such 
formations.  The  texture  is  quite  uniform,  practically  no  soil  type  changes 
are  encountered. 

The  surface  soil  ranges  in  depth  from  7  to  10  inches  and  is  a  light  brown 
typical  sandy  loam.  In  some  localities  gravel  stenes  are  quite  conmion  in 
the  surface  layers,  however,  their  presence  does  not  result  unfavorably. 

The  subsoil  to  the  depth  of  28  inches  is  a  yellow  to  gray  sandy  silt  containing 
a  few  gravel  stones.  Below  28  inches  the  subsoil  grades  into  a  loose  sandy 
gravel  grayish  in  color.  A  more  ideal  subsoil  could  not  bie  obtained.  The 
sandy  silt  layer  nearest  the  8iu*face  is  sufficiently  deep  and  impervious  to 
prevent  rapid  percolation  of  water  yet  porous  enoi^h  to  furnish  good  drainage. 

Soil  Composition.  This  sandy  ioam  although  very  small  in  extent  ia 
productive.  The  oiganic  matter,  nitrogen,  potassium  and  lime  contents 
according  to  analyses  and  as  indicated  by  the  growth  of  crops  are  good. 
The  element  phosphorus  ia  deficient,  analysis  showing  an  average  of  842 
pounds  in  the  surface  layers. 

While  the  amounts  of  fertilizing  elements  in  this  soil  are  somewhat  lower 
than  the  heavy  land  in  this  area,  crop  yields  are  practically  the  same  and  the 

Duality  of  grain  excellent.  This  can  be  accounted  for  by  the  excellent  natural 
rainage  and  by  good  soil  management.  This  district  is  laigeiy  devoted  to 
systematic  dairy  farming  and  a  large  amount  of  manure  which  is  well  taken 
care  of  is  returned  te  the  land.    Phosphoric  acid  either  as  the  acid  phosphate 


Fig.  14.— The  flood  pliJni  us  UMd  lugel;  as  PMtuie  land. 
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or  the  raw  rock  should  be  used  freely  on  these  farms.  If  the  former  is  made 
use  of  200  pounds  or  more  should  be  apphed  per  acre  twice  in  a  four  year 
rotation,  whereas  if  the  latter  is  used  about  1,500  pounds  should  endure 
BIX  years. 

EJVEni  FLOOD    PI^lNS 

While  DO  areas  have  been  mapped  as  flood  plains  they  really  are  of  im< 
portance  even  though  they  are  small  ui  extent.  These  soils  are  located 
along  the  rivers  and  their  tributaries,  and  are  known  as  the  bottom  lands. 
Such  soils  afford  probably  the  most  fertile  lands  in  the  area  due  to  their 
overflowing  each  year  and  soil  material  being  deposited.  This  overflowing 
is  the  controlling  factor  from  the  agricultural  standpoint.  Most  of  the  land 
is  left  to  pasture,  however,  some  is  put  under  cultivation  and  late  sprite 
crops  seeded.  The  latter  is  not  highly  advisable,  however,  because  of  the 
havoc  wrought  to  crops,  occasionally  in  early  summer.  It  seems  more 
advisable  to  allow  the  land  to  stay  in  pasture  and  feed  live  stock  as  an  occupa- 
tion. It  is  along  the  lai^er  streams  that  dairy  fanning  is  quite  prominent, 
lai^e  herds  being  grazed  on  the  flood  plain  soils  while  the  uplands  are  used 
to  grow  the  winter  feed. 

COMJ'OSITION    OF  SOILS    OP   TUB   DETROIT    AREA 
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SUMMARY 


The  Detroit  Area  is  situated  in  the  extreme  southeast  part  of  the  State  of 
Michigan  covering  approximately  1,543  square  miles.  It  consists  of  a  small 
part  of  the  bed  of  tlie  ancient  lake  Maumee.' 

Tiie  first  settlements' were  made  by  the  French  along  the  shore  of  Lake 
Erie  and  the  Detroit  river.  Dense  growths  of  timber  had  to  be  removed 
before  agricultural  operations  could  be  started.  Real  agriculture  dates  back 
to  approximately  1818.  Deyelopment  was  gradual  until  in  1875  the  greater 
part  of  the  entire  area  was  cleared.  Transportation  and  good  markets 
accounted  for  the  rapid  development. 

Detroit  and  Monroe  are  the  two  principal  cities  with  smaller  cities  scattered 
over  the  area.  Excellent  transportation  facilities  are  offered  to  the  larger 
cities  both  by  railroad  and  highway.  Water  transportation  to  Cleveland, 
Buffalo  and  other  eastern  markets  is  easily  obtetined. 

Drainage  throughout  most  of  the  area  is  poor.  Outlets  for  the  most  part 
are  well  established  but  a  lack  of  field  drains  b  the  greatest  limiting  factor 
to  agriculture. 

The  Climate  is  quite  drairable.  The  winters  are  of  medium  length  and  not 
severe  and  the  summers  of  sufficient  length  to  furnish  a  good  growing  season. 
The  normal  rainfall  is  approximately  30  inches  and  the  mean  annual  tem- 
perature 48°  F.     The  average  growing  season  is  about  157  days. 

The  principal  crops  grown  are  com,  oats,  wheat,  barley,  hay  and  potatoes. 
Diversified  farming  is  carried  on  to  a  large  extent,  while  grain  and  livestock 
farming  and  dairying  are  the  two  leading  interests.  Near  the  cities  truck 
farming  is  very  important. 

Livestock.  The  raisir^  and  fattenii^  of  hogs  and  the  fattening  of  cattle 
and  lambs  along  with  dairying  are  the  greatest  livestock  interests. 

The  average  sized  farm  is  approximately  80  acres.  On  the  heavy  lands 
75  per  cent  of  the  owners  operate  their  farms  while  on  the  light  soils  approxi- 
mately 90  per  cent  operate  their  own  farms. 

The  soil  types  mapped  are  clay  loam,  silt  loam,  fine  sandy  loam,  brown 
sand,  sandy  loam  and  sandy  loam  on  gravelly  sulssoil. 

The  clay  loam  which  comprises  about  10  per  cent  of  the  area,  lies  chiefly 
in  the  southern  part.  Although  its  natural  drainage  is  poor  this  soil  is  very 
productive  when  drained  and  carefully  managed.  The  vegetable  matter 
and  nitrogen  contents  are  unusually  high,  the  phosphorus  runs  above  1,600 
pounds  and  the  potassium  supply  ranges  from  47,290  to  49,660  pounds  per 
acre  of  surface  soil.  Lime  is  present  in  suitable  amounts.  The  chief  con- 
siderations in  the  successful  management  of  the  clay  loam  soil  are  drainage, 
attention  to  the  water  content  when  tilled  or  plowed  or  trampled  by  five  stock 
in  order  to  avoid  puddling,  a  systematic  rotation  of  crops  and  the  use  of 
phosphates.  If  acid  phosphate  is  applied  to  each  of  the  grain  crops  in  the 
rotation  the  amounts  should  run  from  100  to  200  pounds  per  acre.  If  it  ia 
added  to  one  of  the  small  grain  crops  and  the  tilled  crop  in  a  four  year  rotation 
200  to  400  pounds  should  be  distributed.  Where  raw  rock  is  utilized  as  a 
carrier  of  phosphorus  it  should  be  scattered  just  previous  to  or  fpUowii^  the 
distribution  of  manure  and  turned  under.  >t.)Qlc 
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The  brcwn  sands  comprise  the  largest  acreage  and  are  the  most  widely 
distributed  of  the  soils,  covering  approximately  40  per  cent  of  the  area. 
There  are  three  divisions  that  are  easily  recognizedj  namely,  light  sand*, 
typical  medium  sand  and.heavy  sand.  The  boundaries  of  these  are  not  given 
because  their  location  involves  much  time  and  detailed  work. 

The  light  sand  is  commonly  spoken  of  a^  blow  sand.  It  is  deficient  in  and 
responds  to  lime,  is  low  in  vegetable  matter,  nitrogen  and  phosphorus.  Potas- 
sium is  present  in  goodly  quantities,  yet  the  amount  rendered  available  to 
crops  is  not  sufficient  for  satisfactory  crop  yields. 

The  typical  medium  sand  is  not  so  deficient  m  lime  as  the  light  sand,  has 
an  average  nitrogen  content  of  1835  pounds  per  acre  of  surface  soil,  carries 
about  the  same  amount  of  phosphorus  and  potassiimi  as  the  light  soils. 

The  heavy  type  of  brown  sand  as  a  rule  is  alkaline  or  sweet  in  reaction 
and  the  need  for  lime  is  not  general.  The  vegetable  matter  and  nitrogen  are 
present  in  ample  quantities,  the  phosphorus  is  medium  in  amount  for  light 
soils  while  the  pot^ium  compares  favorably  with  the  heavy  soils  of  the  area. 

The  improvement  of  the  kss  productive  brown  sands  is  rather  expensive 
and  involves  several  things.  Short  rotations  or  those  in  which  leguminous 
crops  are  produced  frequently  are  desirable.  Where  needed  lime  should 
be  appUed,  the  lime  requirement  of  the  sour  sands  ranges  from  1,500  to  4,000 
pounds  of  finely  ground  limestone  per  acre. 

Where  unmixed  fertilizers  are  made  use  of  nitrate  of  soda  could  be  applied 
to  advantage  to  all  except  the  l^uminous  crops,  except  where  manure  is 
added  in  suitable  amounts  and  where  the  soils  are  high  in  vegetable  matter. 
Phosphates  should  be  added  regularly,  200  pounds  of  16  per  cent  acid 
phosphate  or  an  equivalent  amount  of  phosphorus  in  double  superphosphate 
should  be  added  to  each  of  the  grain  crops  in  a  three  year  rotation  and  if 
this  is  extended  to  four  years  an  additional  application  should  be  made. 
When  prices  of  potash  are  not  exhorbitant,  that  is  in  comparison  with  the 
crops  raised,  50  to  100  pounds  should  be  applied  to  the  soils  low  in  vege- 
table matt«r  and  where  stable  manure  is  not  available. 

If  mixed  fertihzers  are  utilized  they  should  carry  from  2  to  4  per  cent  of 
nitrogen,  10  to  12  per  cent  of  phosphoric  acid  and  2  to  4  per  cent  of  potash. 
As  a  rule  200  or  more  pounds  should  be  appUed  per  acre. 

Land  speculators  are  operating  constantly  in  the  poorer  sandy  land  districts. 
As  a  result  their  selling  prices  are  not  far  below  those  of  the  heavy  lands, 
which  is  unfortunate. 

The  sandy  loam  soils  that  were  laid  down  as  river  deltas  are  very  productive. 
They  are  high  in  native  fertility  with  the  exception  of  phosphorus,  usually 
carrying  less  than  800  pounds  per  acre  of  it  in  the  surface  soil.  In  texture 
these  are  ideal  soils  for  truck  gardening,  to  which  they  are  largely  devoted. 
Their  successful  fertilization  involves  liberal  applications  of  stable  manure, 
catch  crops  for  green  manuring  and  commercial  fertilizers.  In  some  instances 
the  size  of  application  of  manure  could  be  decreased  and  the  commercial 
fertilizers  increased  to  advantage. 

The  sandy  loams  on  the  lake  bed  proper,  are  somewhat  less  productive 
than  the  above,  due  chiefly  to  improper  drainage,  rather  than  to  less  native 
fertility.  Owing  to  similarity  in  texture  and  composition  the  fertilization 
of  these  should  be  similar  to  the  sandy  loam  on  the  delta  formations.  The 
results  from  fertilizers  are  disappointing  until  drainage  is  adequate. 

The  fine  sandy  loam  occupies  about  3  per  cent  of  the  area  and  owing  to  the 
fact  that  the  greater  part  of  the  city  of  Detroit  is  located  on  it,  agriculture 
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b  relatively  unimportant.  These  soils  are  usually  poorly  druned  and  only 
medium  in  fertility.  For  city  gardening  commercial  fertiliser  «nnposed  (rf 
3  to  4  per  cent  of  nitrogen,  8  to  12  per  cent  of  phosphoric  acid  and  2  to  3  per 
cent  of  potash  should  be  applied  in  amounto  ranging  from  300  to  1,000  pounds 
per  acre.  These  should  be  incorporated  in  the  soil  to  a  depth  of  about  three 
inches  just  previous  to  seeding  or  planting. 

Tke  sandy  loam  on  graveUy  m^aoil  althou^  small  in  extent  is  very  im- 
portant agriculturally,  being  devoted  chiefly  to  dairy  fanmng.  Aside  from 
phosphorus  these  soils  are  well  supplied  with  elements  of  plant-food.  The 
'  use  of  phosphorus  in  conjunction  with  the  manure  produced  on  these  farms 
is  the  chief  consideration  in  their  fertilization.  At  least  200  pounds  of  acid 
phosphate  should  be  appUed  twice  in  a  four  year  rotation  and  if  raw  rock 
is  utilised  as  a  carrier  of  phosphorus  1,500  pounds  should  be  appUed  per  acre 
and  endure  about  6  years. 

Tke  river  flood  plaine  are  exceptionally  fertile  but  owing'  to  the  overflow- 
ing of  the  streams  they  are  devoted  chiefly  to  grazing. 

The  Btli  loam  is  the  second  largest  in  extent  covering  30  per  cent  of  this 
area.  Its  occurrence  is  not  confined  to  any  one  locality  but  well  distributed. 
Its  natural  drainage  is  poor  yet  when  this  condition  is  attended  to  this  is  a 
very  productive  soil.  It  compares  favorably  with  the  clay  loam  in  native 
fertility,  containing  about  the  savie  amount  of  vegetable  matter  and  nitrogen, 
somewhat  less  phoshporus,  more  potas^um  and  carries  enough  lime  to  be 
alkaline  or  sweet  in  reaction.  The  principles  set  forth  in  the  discusaon  of 
the  management  of  the  clay  loam  soils  in  general  apply  to  the  alt  loams 
of  this  area. 

During  the  last  regular  session  of  the  legislature  the  bill  (Act  12,  P..  A. 
1921)  creating  the  Department  of  Agriculture  was  passed.  By  a  provi»on 
of  tlus  bill  the  inspection  of  commercial  fertilizers  will,  on  and  after  July  Ist, 
1921,  be  conducted  under  the  direction  of  the  Depaxtment  of  Agriculture. 
All  communications  in  regard  to  licensing  or  inspection  and  analysis  of  com- 
mercial fertilizers  should,  after  the  above  mentioned  date,  be  directed  to 
the  Commissioner  of  Agriculture,  Lansing,  Michigan. 
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FERTILIZER  ANALYSES 


Regular  Bulletin  No.  291 


BY  ANDREW  J.  PATTEN.  ( 

This  bulletin  contwns  the  results  of  the  inspection  of  commercial  fer- 
tilizers for  the  year  1920  tind  the  spring  season  of  1921.  The  analyses  and 
discussion  of  the  results  are  given  separately  for  the  two  years. 

The  fertilizer  inspection  has  been  conducted  by  the  Experiment  Station 
since  1885  when  the  first  law,  regulating  the  sale  and  distribution  of  com- 
mercial fertilizers  in  Michigan,  was  passed.  The  first  inspection  bulletin 
was  published  in  1886  by  the  late  Dr.  R.  C,  Kedzie.  That  bulletin  contained 
the  analyses  of  only  15  samples.  Since  then  an  inspection  bulletin  has 
been  publbhed  annually  with  the  exception  of  two  years,  making  a  total 
of  34  bulletins  including  the  current  issue.  The  number  of  samples  analyzed 
during  the  year  has  increased  to  over  1000. 

During  the  time  that  the  fertilizer  inspection  has  been  conducted  by  the 
Experiment  Station  only  one  case  has  been  prosecuted  and  that  was  gainst 
a  local  dealer  who  sold  a  carload  of  ground  limestone  representing  it  to  be 
a  mixture  of  rock  phosphate  and  ground  limestone.  The  detmis  of  this 
case  are  given  in  Bulletin  No.  283.  It  has  been  our  experience  that  the 
pubUcity  given  the  results  through  the  distribution  of  the  annual  fertilizer 
bulletin  is  a  far  greater  and  more  potent  force  in  the  prevention  of  fraud 
than  any  amount  of  fines  that  might  be  imposed  by  the  courts. 

In  1914  we  first  published  results  showing  the  quality  of  the  nitrogen 
used  in  mixed  fertilizers.  This  has  been  continued  since  that  time  and, 
as  a  result,  there  has  been  a  gradual  and  steady  improvement  in  the  quahty 
of  the  nitrogen.  One  may  now  be  reasonably  sure  of  getting  nitrogen  of 
good  quality  in  practically  all  of  the  higher  grade  fertilizers.  This  is  not 
so  true  of  the  low  grade  mixtures,  which  fact  constitutes  one  of  the  chief 
ai^uments  against  buying  such  fertilizers.  In  this  connection  it  is  gratify- 
ing to  note  that  the  National  Fertilizer  Association,  at  their  recent  meetii^, 
unanimously  went  on  record  as  favoring  high  analysis  fertilizers. 

The  actual  consumption  of  commercial  fertilizers  during  the  earlier  years 
is  not  known,  but  was,  of  course,  very  small.  During  the  year  1908,  when 
the  first  attempt  was  made  to  determine  the  fertilizer  consumption  it  was 
estimated  at  20,000  tons.  This  has  steadily  increased  until  last  year,  1920, 
when,  based  upon  reports  received  from  the  manufacturers,  it  reached  the 
high  point  of  112,616  tons.  The  distribution  of  this  amount  throughout 
the  State  is  shown  in  the  following  table; 
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REPORTED  FERTILIZER  SALES.  BY  COUNTIES,  FOR  SEASON  1920. 
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REPORTED  FERTILIZER  SALES.  BY  COUNTIES.  FOR  SEASON  1020— Con. 
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LICENSED  BRANDS. 


During  the  year,  1920,  37  maQufacturers  and  fertilizer  companies  licensed 
426  brands  for  sale  in  Michigan.  One  new  company,  The  Southern  Fer- 
tilizer and  Chemical  Company,  registered  20  brands  during  the  fall  season. 
Of  this  number,  however,  12  were  not  shipped  into  the  State.  The  U.  S. 
Gypeum  Company,  Chicago,  111,,  and  the  R,  H,  Hoover  Laboratories,  Inc., 
Freeport,  III.,  licensed  "Ben  Franklin  Agricultural'  Gypsum"  and  "Plant- 
life'  '  respectively,  after  the  regular  fertilizer  season  had  closed.  No  samples 
of  either  brands  have  been  found  on  the  markets  and  they  are  not  included 
in  the  tables  of  analyses. 

Attention  is  called  to  the  fact  that  the  fertilizer  law^covers  only  those 
materials  which  are  sold,  ofEered  or  exposed  for  sale  within  the  State,  the 
retail  price  of  which  is  tlO.00  or  more  per  ton.  Manufacturers  reading 
outside  the  State  may  ship  direct  to  the  consumer  without  paying  the  license 
fee  but  the  party  making  the  purchase  receives  no  protection  under  the  law. 
If  the  sale  of  fertilizer  to  be  shipped  direct  to  the  consumer  is  made  by  an 
agent  or  representative  of  the  manufacturer  while  in  the  State,  the  act  is 
considered  as  one  of  actually  offering  the  material  itself  for  sale,  and  the 
fertilizer  then  becomes  subject  to  the  requirements  of  the  law  just  as  surely 
as  though  the  fertilizer  were  actually  brought  into  the  State  and  then  sold. 
Consequently,  an  agent  of  a  fertilizer  company  is  technically  violating  the 
law  when  he  solicits  or  accepts  orders  for  any  unhcensed  fertilizer,  while  in 
the  State. 

COLLECTION  OF  SAMPLES. 

The  collection  of  samples  was  made  during  the  spring  and  fall  shipping 
seasons  by  inspectors  appointed  by  the  State  Board  of  Agriculture. 

All  sections  of  the  State  in  which  fertilizers  are  used  to  any  extent  were 
visited,  and  907  samples  were  secured  from  stocks  being  offered  for  sale 
by  dealers.  For  this  purpose  a  specially  constructed  tulie  is  used,  which 
permits  of  securing  a  core  from  the  entire  length  of  thebt^.  An  official 
sample  consists  of  the  cores  taken  from  not  less  than  ten  separate  sacks  of 
the  same  brand.  The  ten  or  more  separate  cores  are  mixed  together,  placed 
in  a  stout  sack,  tied,  sealed  and  forwarded  to  the  laboratory  for  analysis. 

During  the  year  71  registered  brands  were  not  shipped  into  the  State. 
It  was  formerly  the  custom,  whenever  we  failed  to  find  a  brand  on  the  mar- 
ket, to  analyze  the  sample  forwarded  by  the  manufacturer,  as  required  by 
law,  at  the  time  of  applying  for  the  license.  It  has  long  been  known  that 
these  samples  were  generally,  if  not  always,  made  up  in  the  laboratories 
of  the  companies  and  were  not,  therefore,  representative  of  the  product  as 
put  on  the  market.  For  this  and  other  reasons  we  have  discontinued  this 
practice  and  in  this  bulletin  the  brands  not  represented  by  samples  are  listed 
in  their  proper  places  but  are  not  given  a  laboratory  number  and  only  the 
guaranteed  analysis  is  shown. 

In  many  cases  several  samples  of  the  same  brand  were  drawn  and  ana- 
lyzed. This,  of  course,  greatly  increases  the  work  in  the  laboratory  but  it 
IS  the  only  way  by  which  we  can  ascertain  if  the  brands  are  running  uni- 
form. If  only  one  sample  were  analyzed,  or  if  several  samples  were  taken 
and  composited  before  being  analyzed,  variations  in  the  composition  would 
not  be  detected. 
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RESULTS  OF  INSPECTION. 


Of  the  907  samples  analyzed  representing  355  brands,  255  (27.1%)  were 
found  to  be  below  guarantee*  in  one  or  more  ingredient.  Sixty-four  (7.1%) 
were  below  guarantee  in  nitrogen,  2  (0.2%)  were  below  guarantee  in  total 
pboBphoric  acid,  75  (8.3%)  were  below  guarantee  in  available  phosphoric 
acid  and  150  (16.5%)  in  potash.  This  is  a  slight  increase  in  the  number 
of  deficiencies,  compared  with  1919  and  a  considerable  increase  when  com- 
pared to  the  results  obtained  for  several  years  prior  to  1919.  This  increase 
in  the  number  of  samples  found  below  guarantee  is  undoubtedly  due,  in 
part  at  least,  to  the  fact  that  during  the  war  the  fertilizer  market  was  badly 
upset,  and  has  not  yet  returned  to  normal.  However,  this  does  not  absolve 
the  manufacturer  who  conaetently,  year  after  year,  has  about  the  same 
number  of  samples  falling  below  guarantee. 

There  is  no  provision  in  the  fertilizer  law  for  the  payment  of  rebates  on 
fertilizer  shipments  found  to  be  below  guarantee,  but  the  manufacturer 
demonstrates  his  good  will  when  he  voluntarily  takes  care  of  such  cases 
as  they  are  called  to  his  attention.  In  many  cases  a  fertilizer  is  found  to 
be  below  guarantee  in  one  ingredient  and  to  overrun  the  guarantee  in  some 
other  ii^edient  sufficiently  so  that  the  actual  value  is  not  really  lowered. 
This  condition  indicates  imperfect  mixing,  or  a  lack  of  proper  factory  con- 
trol, and  while  the  purchaser  is  not  defrauded  from  a  financial  standpoint 
he  still  does  not  get  what  he  contracted  for  and  what  he  has  a  right  to  ex- 
pect. 

In  the  following  table  a  summary  of  the  results  of  the  inspection  is  given 
This  shows  at  a  glance,  the  nimiber  of. brands  licensed  by  each  company, 
the  number  of  samples  analyzed  and  the  number  falUng  below  guarantee  in 
one  or  more  ingredient.  In  the  last  column  is  given  the  number  of  samples 
whose  value  has  been  found  to  be  $1.00  or  more  per  ton  less  than  that  guar- 
anteed. A  careful  study  of  this  table  as  well  as  the  detailed  results  of  anal- 
ysis which  follow  should  be  made  by  all  persons  who  intend  to  purchase 
fertilizers  for  the  coming  season. 

*A  gbortnEe  of  more  Ihnn  O.IO  per  cent,  ot  nltro^n  or  more  thun  D.ZO  per  eenl,  Brallable  phon- 
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EXPI^ANATION  OF  TABLES. 

The  results  of  analysis  ebown  'm  the  following  tables  are  arranged  by  man- 
xifacturers,  in  alphabetical  order.  Those  found  below  guarantee  are  printed 
in  bold  face  type, 

Nilrogen — It  will  be  noted  that  the  results  under  this  heading  are  divided 
into  four  columns.  The  column  headed  "As  Soluble"  shows  the  amount 
of  nitrogen  that  is  soluble  in  water.  This  would  include  all  nitrogen  present 
as  nitrate  of  soda,  sulfate  of  ammonia,  cyanimid,  etc.  This  portion  of  the 
nitrogen  is  considered  to  be  immediately  available. 

The  second  and  third  columns  together  represent  the  nitrogen  that  is 
insoluble  in  water.  This  insoluble  nitrogen  is  separated  into  '  'active' '  and 
"inactive"  nitrogen  depending  upon  its  reaction  with  an  alkaline  solution  of 
potassium  permanganate.  When  the  amount  shown  "as  active  insoluble 
organic' '  is  p'eater  than  that  shown  '  'as  inactive  insoluble  organic' '  the 
whole  insoluble  nitrogen  is  considered  to  be  of  good  quality.  In  other  words, 
it  has  been  derived  from  some  high  grade  material  possessing  a  high  rate 
of  availabihty  or  the  material  used  has  been  treated  in  such  manner  as  to 
render  it  largely  available.  If,  on  the  other  hand,  the  amount  of  nitrogen 
shown  in  the  '  'inactive' '  column  is  greater  than  that  shown  in  the  '  'active' ' 
column  then  the  insoluble  nitrogen  is  considered  to  be  low  grade  with  a  low 
rate  of  availabihty.  When  the  insoluble  nitrogen  constitutes  a  small  per- 
centage of  the  total,  its  rate  of  availability  would,  of  course,  be  of  small 
consequence.  But,  where  the  '  'insoluble  nitrogen' '  constitutes  a  considerable 
portion  of  the  total,  as  is  very  often  the  case,  then  its  rate  of  availability 
is  an  important  factor. 

Since  nitrogen  is,  by  far,  the  most  expensive  plant  food  ingredient  in  fer- 
tilizers, more  attention  should  be  given  to  the  results  printed  in  the  follow- 
ing p^es  under  this  heading  and  when  purchasing  nitrogenous  fertilizers 
preference  should  be  given  those  companies  that  show  the  insoluble  nitrogen 
nitrogen  in  their  mixtures  to  be  derived  from  high  grade  materials. 

The  fourth  column  shows  the  total  amount  of  nitrogen  in  the  sample. 
It  is  equal  to  the  sum  of  the  first  three  columns. 

Phosphoric  Acid — -Three  divisions  are  included  under  this  beading,  desig- 
nated as  "total",  "insoluble"  and  "available."  The  "total"  phosphoric 
acid  includes  all  of  this  ingredient  in  the  sample.  The  '  'insoluble' '  phosphoric 
acid  respresents  that  portion  that  is  unavailable  and  the  '  'available' '  phos- 
phoric acid,  is,  ae  the  name  implies,  readily  available.  The  available  phos- 
phoric acid  represents  the  difference  between  the  total  and  insoluble  phos- 
phoric acid. 

Potash — The  results  shown  under  this  heading  are  those  soluble  in  water 
as  required  by  the  law.     Water  soluble  potash  is,  of  course,  reatlily  available. 
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RESULTS  OF  INSPECTION,  SPRING  SEASON  1921 

On  July  1st,  1921,  when  the  administration  of  the  fertilizer  law  was  traos- 
ferred  to  the  Department  of  Agriculture,  43  manufacturers  and  distributors 
had  licensed  405  brands  of  fertilizer  for  sale  in  Michigan  during  the  period 
endii^  April  30th,  1922.  Nine  new  companies  with  37  brands  are  included 
in  the  list.  One  of  these,  the  Groves  Fertilizer  Company,  Cincinnati,  O., 
will  make  no  shipments  until  the  fall  season. 

Dining  the  spring  shipping  season  the  inspectors  coUected  609  samples 
which  are  clasufied  as  follows: 

Complete  fertilizers 319 

Alkaline  phosphates 115 

Ammoniat«d  phosphates 53 

Acid  phosphates 84 

Bone  meal 11 

Pulverized  manure 12 

Ammonium  sulfate 4 

Nitrate  of  soda 2 

Muriate  of  potash 4 

Kunit 1 

Special 4 

609 
Alkaline  phosphates  are  not  so-called  because  they  have  an  alkfdine  re- 
action nor  because  they  will  produce  an  alkaline  reaction  in  the  soil  for  they 
are,  in  fact,  acid  in  reaction.  This  term  has  been  used  by  the  trade  to  dis- 
tinguish thie  particular  type  of  fertilizer  which  is  a  mixture  of  acid  phosphate 
and  some  potash  bearing  material.  Ammoniated  phosphate  is  a  term  used 
to  designate  mixtures  contMning  only  nitrogen  and  phosphoric  acid.  They 
are  usually  prepared  by  acidulating  some  organic  aramoniate  such  as  leather 
waste,  hair  or  wool  waste  and  rock  phosphate.  The  process  is  essentially 
the  same  as  that  followed  in  the  production  of  acid  phosphate.  Aounoniated 
phosphate  may  also  be  prepared  by  dry  mixing  some  available  nitrogen 
bearing  material  with  acid  phosphate. 

Eighty-nine  of  the  licensed  brands  were  not  found  on  the  markets  and 
the  manufacturers  report  that  no  shipments  were  made  of  58  of  these  during 
the  spring.  Most  of  these  should  be  found  during  the  fall  season.  TheSe 
misMng  brands  are  included  in  the  tables  which  follow  but  the  guaranteed 
analysis  only  is  given.  CiI.)(.)qIc 
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DISCUSSION  OF  RESULTS. 


Of  the  609  samples  analyzed,  158  (25.9%)  were  found  to  be  below  guaran- 
tee in  one  or  more  ingredients.  Thirty-nine  (6.4%)  were  below  in  nitrogen, 
2  (0.3%)  in  total  phosphoric  acid,  45  (7.4%)  in  available  phosphoric  acid 
and  100  (16.4%)  in  potash.  As  in  the  case  of  last  year,  the  greatest  num- 
ber of  deficiencies  were  due  to  potash.  There  is  some  evidence  to  indicate 
that  these  deficiencies  have  been  due  to  inefiBcient  factory  help  but  there  is 
also  much  evidence  to  indicate,  in  some  cases,  a  very  lax  system  of  factory 
control. 

The  results  of  the  inspection  pretty  accurately  reflect  the  carefulness  of 
the  manufacturer  in  preparing  his  products  for  the  market  and  every  user 
of  commercial  fertilizer  should  carefully  study  the  fertilizer  bulletin,  in 
order  to  determine  what  companies  are  consistently  fulfiUing  their  obliga- 
tions. While  the  results  of  a  single  season  may  not  be  a  fair  criterion,  as 
something  beyond  the  immediate  control  of  the  officers  of  a  company  may 
happen  to  lower  the  standard  of  their  product,  the  performance  of  a  company 
over  a  period  of  years  is  an  accurate  index  of  its  integrity  and  well  meaning. 
The  object  of  the  inspection  is  to  protect  the  user  of  commercial  fertilizers 
agfunst  fraud  and  unless  the  real  consumers  make  use  of  the  results,  by 
studying  the  bulletins,  the  inspection  is  not  fulfillii^  its  greatest  usefulness. 
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ROSEN  RYE 


Special  Bulletin  No.  105 


FRANK  A.   SPRAQG,   FARM  CROPB  SECTION 

In  1909,  the  Michigan  Agricultural  Experiment  Station  received  a  sample 
of  pedigreed  rye  from  Russia,  through  Mr.  J.  A.  Rosen,  a  Russian  student 
who  graduated  from  the  Agricultural  College  in  1908.  Since  the  Russian 
name  of  this  rye  was  unknown  it  was  named  Rosen  rye.  Figure  No.  1  shows 
the  first  piece  of  Rosen  rye  planted  in  Mich^an,  fall  1909. 


This  sample  was  tested  by  the  Michigan  Experiment  Station.  As  this 
rye  showed  its  superiority,  it  was  only  necessary  to  establish  this  fact  in 
the  mind  of  the  experimenter  before  distribution.    Most  of  the  early  dia- 


Flmre  No.  1.    The  plat  shown  In  th«  centec  of  tl 
the  tm  ol 


tributions  were  lost  to  pedigree  by  being  planted  along  side  of  comnKM 
■varieties.  C3 
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A  buBhel  distributed  in  1912  was  placed  in  the  hands  of  a  Jackson  county 
fanner,  a  member  of  the  Michigan  Crop  Improvement  Association,  who 
planted  it  away  from  other  rye,  on  an  acre  of  ground.  This  yielded  thirty- 
five  bushels  in  1913.  Soon  the  whole  country-side  around  Parma  in  western 
Jackson  county,  and  around  Albion  in  eastern  Calhoun  county  grew  Rosen 
rye  as  a  winter  crop,  and  Ettle  or  no  wheat.  Other  counties  took  it  up  and 
with  the  aid  of  the  Michigan  Crop  Improvement  Association  and  active 
county  agricultural  agents,  the  new  rye  spread  rapidly.  In  1917,  St.  Jo- 
seph county  had  3,500  acres,  Jackson  county  had  2,000  acres,  and  the  whole 
state  of  Michigan,  about  15,000  acres.  Thus  it  took  four  more  years  for 
the  new  variety  to  attract  the  notice  and  confidence  necessary  to  create 
a  demand  for  pedigreed  seed.  In  1920,  Michigan  for  the  first  time  exceeded 
any  other  state  in  the  Union  in  rye  production.  Without  doubt  the  extensive 
planting  of  Hosen  rye  has  bad  much  to  do  in  placing  the  state  first  in  rye 
growing. 

RTE  OPEN  FERTILE. 

Rye  is  naturally  a  wind  pollinated  plant.  The  head  contains  four  rows 
of  Sowers  in  groups  of  twos,  on  alternate  sides  of  the  fiat  end  of  the  stem, 
called  the  racbis.  Each  of  these  fiowers  contains  a  one  seeded  ovary  and  three 
very  large  anthers.  The  anthers  open  at  the  end  and  shatter  the  pollen 
out  into  the  air.    This  is  normally  done  without  allowing  any  of  the  pollen 


Flfuie  No,  3.    The  tiro  headi  In  the  oenlei  are  Roaen  rre. 

»  cron  betveea  common  and    Rosea  M  Ibe  rlKht.      In  each  ci 

Note  the  good  BUiog  oE  the  Rowa  In  compulson  with  the  common  cnwed  ijro. 

to  fall  back  into  the  fiower.  Thus  it  happens  that  the  fiowers  are  normally 
cross  pollinated.  It  is  the  pollen  that  is  blown  over  from  another  plant 
that  enters  the  flower  and  fertilizes  the  ovule. 

For  this  reason  it  happens  that  many  fiowers  fail  to  be  polhnated.  Their 
own  pollen  is  shoved  out  and  blown  away,  tbe  fiowers  are  not  open  long 
enough  to  catch  other  pollen,  or  the  small  quantity  of  pollen,  that  enters, 


618  STATE  BOARD  OP  AGRICULTURE. 

Sails  to  develop  in  such  a  maimer  as  to  fertilize  the  ovule.  This  is  an  im- 
portant matter  as  production  depends  upon  the  fertilization  of  the  ovules. 
Many  of  the  common  ryes  fail  to  fertilize  more  than  half  of  the  ovules,  irmlfing 
an  irregular  poorly  filled  head.  It  is  altogether  diflferent  in  wheat  where 
the  pollen  is  shattered  inside  the  flowers  and  there  is,  therefore,  an  abund- 
ance for  self-fertilization. 

Michigan  rye  varieties  may  be  classified  as  common,  Rosen,  and  the  crosses 
between  these  two  types.  The  ryes  that  were  commonly  grown  before  the 
Rosen  rye  was  introduced  are  referred  to  as  the  common  varieties.  Figure 
2  shows  the  Rosen  in  the  center,  the  common  at  the  left  and  a  frequent  type 
of  crossed  rye  at  the  right.  Here  one  may  see  the  large  grains  of  the  Rosen 
combined  with  the  poor  filling  of  the  common  rye. 

At  first  the  Rosen  rye  frequently  yielded  twice  as  much  aa  the  common.  Aa 
the  ryes  were  commonly  planted  side  by  side,  they  were  inter-crossed,  yield- 
ing grade  ryes,  ranging  all  the  way  from  nearly  pure  Rosen  to  nearly  pure 
common.  Gradually  the  poorest  producing  seed  has  been  eliminated,  and 
now  it  is  likely  that  about  85  per  cent  of  the  rye  gronTi  in  Michigan  is  at 
least  grade  Rosen. 

TRUENESS  TO  TYPE. 

Because  of  the  fact  that  rye  is  open  fertile,  the  types  and  varieties  are 
not  BO  well  distinguished  as  they  are  in  wheat.  In  the  case  of  wheat  marked 
differences  in  the  shape  of  the  head,  in  the  compactness  of  the  flowers  on 
the  head,  in  the  manner  in  which  the  kernels  are  covered  by  the  chaff,  in 
the  color  of  the  grain,  and  the  type  or  length  of  the  beards,  would  indicate 
another  variety.  Rye  varieties  are  mixed  in  regard  to  most  of  these  points 
and  the  variety  depends  more  upon  the  proportion  or  per  cent  of  these  types 
to  be  found  in  the  field  than  it  does  upon  any  one  definite  character.  The 
notches  on  the  rachis  may  be  quite  distant,  causing  the  pairs  of  fiowera  to 
be  scattered  in  the  head.  This  usually  produces  a  long  slender  head  that, 
if  fairly  well  filled,  is  quite  attractive.  Other  heads  may  have  such  short 
joints  on  the  rachis  as  to  crowd  the  pairs  of  flowers  from  an  upright  to  an  in- 
clined position.  This  results  in  a  compact,  nide,  Sat  head.  The  ori^nal 
Rosen  rye  was  mostly  of  the  latter  type. 


The  varieties  commonly  grown  in  Michigan  t«n  years  ago  were  consid- 
erably variable  in  regard  to  most  of  these  points,  but  they  produced  small 
kernels,  on  a  poorly  fertilized  head,  usually  grown  on  a  tall  slender  straw. 
If  the  land  was  fairly  fertile  the  straw  may  be  expected  at  maturity  to  be 
taller  than  the  average  man.  The  color  of  the  grain  varied  from  yellow  and 
orange,  to  brown  and  black.    The  proportion  of  green  kernels  was  low. 

On  the  other  hand  the  Rosen  rye  has  large  kernels  on  a  head  that  is  gen- 
erally well  filled.  At  least  70  per  cent  of  the  heads  must  have  less  than  10 
per  cent  of  missing  kernels  if  the  field  is  to  be  passed  as  inspected  Rosen  rye. 
The  Rosen  straw  is  much  shorter  and  stiffer  than  in  the  case  of  the  common 
varieties.  It  is  only  the  exceptional  field  that  -nill  produce  straw  as  tall  as 
the  average  man.  The  heads  in  a  typical  Rosen  rye  field  must  be  nearly  of 
the  same  height.  Tall  plants  jetting  up  here  and  there  (giving  the  surface 
of  the  field  a  ragged  appearance)  are  one  of  the  first  indications  that  the  field 
is  mixed  with  common  rye.  The  color  of  the  grain  in  mature  Rosen  is  mostly 
a  bluish  green,  and  should  not  contain  dark  brown  or  smutty  colored  grains. 
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Those  originate  from  common  rye  admixtm^.     These  are  the  points  that 
must  be  considered  in  inspecting  the  farmers'  fields. 

CEETinED  HOSEN  RYE, 

The  Michigan  Crop  Improvement  Association  began  field  and  grain  in- 
spection work  in  1917,  under  the  leadership  of  the  association's  secretary. 
In  the  first  year  only  five  per  cent  of  the  Rosen  rye  acref^  was  considered 
pure  enough  for  registration.  This  was  due  to  the  ordinary  threshii^  prac- 
tices and  the  growing  of  common  rye  in  adjoining  fields.  The  other  95  per 
cent  was  sold  as  commercial  Rosen.  It  was  quoted  on  the  Detroit  market 
that  year,  and  carloads  became  available  to  other  states. 

The  grain  that  was  passed  by  the  association's  inspection  became  certified 
and  was  sold  under  the  shipping  tags  of  the  association.  Thus  pedigreed 
gr^n  became  available  to  the  farmers  of  other  states  as  well  as  to  those  of 
Michigan.  As  the  result  of  thb  activity 'in  war  times  when  farmers  were 
being  urged  to  sow  the  best  seed,  approximately  250,000  acres  of  Rosen  rye 
were  sown  in  Michigan  in  the  fall  of  1917. 

The  inspectors  of  the  Michigan  Crop  Improvement  Association  began 
work  in  June  1918,  and  during  the  following  month  passed  about  1000  acres. 
This  acreage  produced  22,349  bushels,  a  good  yield  when  it  is  remembered 
that  most  of  it  grew  on  sandy  soil,  and  that  a  yield  of  15  bushels  per  acre 
was  conddered  a  high  return  before  Rosen  was  distributed.  Again  under 
the  stress  of  war  conditions,  the  acreage  was  doubled  in  one  year,  as  over 
500,000  acres  of  Rosen  and  high  grade  Rosen  were  sown  in  Michigan  in  the 
fall  of  1918.    Of  this  about  5,800  acres  were  grown  from  pedigreed  seed. 

The  1919  inspection  passed  468  acres  yielding  10,563  bushels  of  ped^eed 
Rosen  for  seed  in  the  fall  of  1919.     This  area  averaged  22.4  bushels  per  acre. 

SPREAD  TO  OTHER  STATES. 

The  growing  of  Rosen  rye  in  other  states  began  commercially  as  early 
as  there  was  a  supply.  It  has  gone  from  farm  to  farm  across  the  state  line, 
into  Indiana  and  OMo,  until  the  upper  two  rows  of  counties  in  Indiana  have 
as  much  Rosen  rye  as  the  southern  row  of  counties  in  Michigan.  When 
carloads  became  available  in  1917,  the  trade  grew  rapidly,  increasing  steadily 
since  that  year,  and  now  several  elevators  and  seed  firms  in  Michigan  count 
tbeu"  sales  of  Rosen  rye  for  seed  in  dozens  of  carloads  annually.  Much  of 
this  seed  is  purchased  in  sections  where  the  rye  is  reasonably  pure,  but,  un- 
fortunately compMatively  few  people  seem  to  reahze  that  rye  cross-fertilizes. 
A  great  deal  of  the  rye  that  is  now  sold  as  Rosen  is  very  badly  mixed.  The 
results  obtMned  with  this  commercial  seed  are  frequently  not  equal  to  those 
obtained  by  the  use  of  seed  inspected  in  the  field  and  bin  by  the  Michigan 
Crop  Improvement  Association  which  co-operates  with  the  Michigan  Agri- 
cultural Experiment  Station  in  maintaining  high  standards  of  purity. 

PEDIGREED  ROSEN  IN  OTHER  STATES. 

The  extension  of  pedigreed  Rosen  into  other  states  began  in  1917,  when 
the  inspection  work  began,  but  the  sales  made  by  members  of  the  Associ- 
ation were  imperfectly  recorded  that  year.  However  in  1918  and  1919, 
a  fair  proportion  of  these  sales  have  been  reported.  The  outfine  map  figure 
3  shows  the  sales  in  1918,  and  %ure  4  shows  the  corresponding  sales  for 
1919. 
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But,  as  indicated  above  this  is  a  very  small  portion  of  the  seed  sold  as  Rosen, 
as  the  commercial  trade  has  assumed  large  proportions.  The  pedigreed  seed, 
however,  is  the  only  seed  of  guaranteed  purity,  and  is  therefore  the  basis 
upon  which  this  or  other  states  must  base  opinion  regarding  the  value  of 
Rosen  rye. 

The  figures  on  the  two  maps  should  be  carefully  studied  not  to  be  mis- 
interpreted. In  1918  Illinois  and  Indiana  were  the  lai^st  purchasers  of 
pedigreed  Rosen  rye  outside  of  Michigan,  yet  it  is  probable  that  Michigan 
bought  more  pedigreed  Rosen  seed  than  all  the  other  states  combined.  In 
1919,  Michigan  farmers  bought  less  pedigreed  Rosen  seed  than  certain  other 
states.  The  State  of  Washington  bought  almost  twice  as  much  pedigreed 
Rosen  seed  as  Michigan  itself  did.  To  explain  these  facts  one  must  remem- 
ber that  pedigreed  or  high-grade  Rosen  is  quite  generally  in  the  hands  of 
Michigan  farmers.  They  are  simply  planting  their  own  seed.  It  is  only 
the  few  who  wish  to  replace  their  mixed  seed  with  pedigreed  that  are  now 
buying  the  pedigreed  seed  in  Michigan. 

Several  states  obtained  the  pedigreed  seed  in  1917  and  1918  as  well  as 
1919  and  should  be  growing  quantities  of  pure  Rosen  rye  for  themselves. 
A  report  comes  from  Minnesota,  where  a  man  purchased  the  pedigreed 
Rosen  seed  from  Michigan  in  1918  and  sold  3,000  bushels  for  seed  in  1919. 
Others  can  do  likewise.  It  is  the  more  distant  states,  where  a  smaller  sup- 
ply is  available,  that  are  purciiasing  increased  amounts. 

At  the  International  Grain  and  Hay  Show  given  in  connection  with  the 
International  Stock  Show  at  Chicago  in  December  1919,  Rosen  rye  took 
first,  second,  fourth,  fifth  and  in  fact  ten  prizes  out  of  the  sixteen  that  were 
offered,  and  in  1920  it  took  the  first  22  prizes. 

THE  PIACB  FOR  RTB. 

Rye  does  not  belong  on  every  farm.  It  should  be  avoided  by  the  wheat 
grower  as  it  gets  into  the  manure  and  requires  a  great  deal  of  pulling  to  rid 
the  wheat  fields  of  it.  It  is  particularly  adapted  to  large  areas  of  light  sandy 
soil,  and  because  of  washing  and  leaclung  many  of  these  soils  should  not  be 
permitted  to  go  through  the  fall  and  winter  without  growing  a  crop  of  some 
kind.  Thus  rye  can  be  used  to  advantage  on  hundreds  of  Michigan  farms 
to  follow  crops  of  com  and  beans.  For  this  purpose  it  should  be  sown  as 
early  as  possible  as  the  highest  yields  are  obtained  from  September  planting. 

In  pre-Rosen  days,  rye  was  valuable  mainly  as  a  catch  crop,  and  to  sow 
on  lands  that  were  not  suited  to  wheat.  Few  people  thought  of  putting 
rye  in  as  a  regular  crop,  especially  on  the  heavier  soils.  Rosen  rye  can  be 
considered  a  regular  crop,  to  be  studied  and  treated  as  such.  In  the  region 
around  Parma  in  western  Jackson  county,  Rosen  rye  has  crowded  out  wheat, 
as  the  farmers  of  that  section  say  that  it  is  more  profitable  than  wheat  as  a 
general  crop.  Each  farmer  needs  to  settle  this  matter  for  himself,  but  he 
should  not  grow  wheat  and  rye  on  the  same  farm. 

It  should  not  be  forgotten  that  profitable  rye  crops  come  from  (1)  the 
use  of  fertilizers  such  as  manure,  acid  phosphate;  (2)  a  thoroughly  pre- 
pared seed  bed;  (3)  September  or  early  October  planting;  (4)  and  the  planting 
of  pedigreed  or  high  grade  Rosen  seed.  The  crop  should  be  planted  under 
the  most  favorable  conditions,  unless  prevented  by  conditions  beyond  control. 

The  best  rate  of  seeding  Rosen  rye  depends  somewhat  upon  conditions. 
In  the  Parma  dbtrict,  farmers  recommend  the  use  of  three  pecks  per  acre 
of  well  cleaned  seed,  sown  early,  on  a  well  prepared  fertile  seed  bed.  Those 
who  do  not  have  as  good  conditions  must  sow  more.    At  the  College  the 
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rate  of  seedii^  tests  indicate  that  a  bushel  of  seed  per  acre  is  the  most  pro- 
fitable  rate  of  good  seed  to  bow. 

The  time  of  seeding  tests  at  the  College  indicate  that  September  20th 
to  October  10th  is  the  best  time  to  plant.  The  results  are  as  follows:  a 
plat  that  would  yield  at  the  estimated  rate  of  46  bushels  per  acre  if  planted 
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September  25th,  would  yield  45  bushels  if  planted  September  30th;  39  bushels 
if  planted  October  15th;  20  bushels  if  planted  October  25th;  10  bushels  if 
planted  November  5th;  4  bushels  if  planted  November  20th.  Four  spring 
plantings  were  made  from  Rosen  rye.  None  of  them  headed  out.  This 
experiment  shows  that  greatest  success  depends  upon  planting  sufficiently 
early  in  the  fall. 


DISTRIBUTION   OF  CERTIFIED  ROSEN  RYE  BY  THE  MICHI- 
GAN CROP  IMPROVEMENT  ASSOCIATION.* 

The  rapid  increase  in  acreage  of  Rosen  rye  in  Michigan  has  been  due  not 
only  to  the  superior  yielding  qualities  of  this  rye  but  to  the  fact  that  ample 
supplies  of  high  grade  seed,  unmixed  with  common  rye  have  been  annuaJly 
available  from  the  Michigan  Crop  Improvement  Association  growers. 

The  Michigan  Crop  Improvement  Association  is  an  organization  of  Michi- 
gan farmers  particularly  interested  in  increasing  crop  production  through 
the  use  of  superior  varieties,  best  methods  of  cultivation  and  fertilization. 
This  association  may  be  joined  by  any  farmer  or  seed  grower  of  Michigan 
interested  in  crop  improvement. 

Through  the  association,  large  increases  of  desirable  varieties  kept  pure 
by  careful  inspection,  are  obtained  in  a  relatively  short  time.     Improved 

*By  J.  F.  Cox.  Head  ol  the  Faim  Crops  Section. 
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varieties,  would  Id  many  instances  rapidly  become  mixed  with  inferior  strains 
were  it  not  for  the  careful  field,  and  threshed  grain  inspection  system,  which 
the  association  maintains.  The  rapid  spread  of  Kosen  rye,  Red  Hock  wheat, 
Robust  beans  and  other  varieties,  has  been  made  possible  largely  through 
the  Michigan  Crop  Improvement  Association. 

Close  co-operation  exists  between  the  Crop  Improvement  Association 
and  the  Farm  Crops  Department  of  the  Michigan  Agricultural  Experiment 
Station.  Improved  strains,  developed  at  the  Experiment  Station,  are  made 
available  to  members  of  the  association  for  rapid  increase  under  field  con- 
ditions. The  secret'ary  of  the  association  keeps  a  careful  record  of  the  origin 
and  transfer  of  strains  of  improved  crops.  The  association  maintains  a 
system  of  field  and  threshed  grain  inspection  for  members  who  are  interested 
in  commercial  production  of  high  quality  grain  for  seed.  Seed  which  passes 
the  certification  rules  of  the  Board  of  Directors  of  the  Association  must  be 
of  very  high  standard  and  successfully  passed  upon  in  the  field  by  inspectors, 
working  under  the  direction  of  the  Farm  Crops  Department,  and  must  again 
pass  careful  inspection  after  threshing.  The  cost  of  certification  is  borne 
by  the  Crop  Improvement  Association. 

Arrangements  have  lately  been  made  which  insure  the  co-operation  of  the 
newly  created  Michigan  State  Farm  Bureau  Seed  Department  in  the  dia- 
tribution  of  seed  guaranteed  by  the  Crop  Improvement  Association. 

IMPROVEMENT  BY  HEAD  SELECTION  IN  THE  FIELD. 

Several  of  the  most  careful  Rosen  rye  growers  have  been  following  the 
practice  of  selecting  enough  of  the  best  heads  in  the  field  to  plant  a  seed  plat 
of  one-half  an  acre  or  more  in  size.  This  seed  plat  is  carefully  isolated  and, 
after  further  head  selections  for  another  year's  planting  are  made,  It  is  har- 


Flgura  No.  6.    A  JuJcbod  Counly  Farmer's  Incmae  Plat  of  "Hnd  Selected"  Rosen  R;e. 

vested  separately  and  the  seed  used  to  plant  a  general  field  the  following 
year.  In  1921  three  growers  in  lower  Michigan  have  approximately  40 
acres  of  such  head  selection  stock  for  distribution.  It  is  markedly  superior 
to  ordinary  certified  rye. 


624  STATE  BOARD  OF  AQRICULTURB. 

All  members  of  the  Michigan  Crop  Improvement  Association,  who  plant 
rye  in  the  fall  of  1921,  will  be  required  to  secure  their  seed  from  head  selected 
stock  grown  by  these  growers.  All  certified  Rosen  sold  in  1922  will  there- 
fore be  only  two  generations  removed  from  carefully  selected  Rosen. 

HANITOU  ISLAND  ROBEN. 

The  entire  acreage  plainted  to  rye  on  the  South  Manitou  Island  is  now 
planted  to  certified  Rosen.  The  South  Manitou  is  an  island  of  approxi- 
mately 7,000  acres,  located  10  miles  off  shore  directly  west  of  the  Leelanau 
Peninsula.  From  70  to  120  acres  of  rye  is  grown  annually  on  the  island. 
For  the  past  two  years  head  selection  work  has  been  carried  on  by  the  Mich- 
igan Agricultural  Experiment  Station. 

During  the  coming  fall  the  entire  acreage  of  the  island  will  be  planted 
from  seed  two  seasons  removed  from  careful  head  selection.  This  year's 
head  selected  plat  will  be  increased  on  a  10-acre  field  and  next  year  all  who 
grow  rye  on  the  island  will  get  their  seed  from  this  increase.  This  course 
will  be  followed  for  a  number  of  years. 

Owing  to  the  isolated  position  of  the  island  it  is  easily  possible  to  prevent 
common  or  other  varieties  of  rye  from  being  grown. 


e  LoBlwiau^Pctiliuula.     Tha 
of  blgb-gnule  leed,  produced  under  Isolated  condltlooi. 

Growers  on  the  island  have  formed  an  island  Chapter  of  the  Michigan  Crop 
Improvement  Association.  By  careful  head  selection  and  field  inspection 
it  is  expected  that  the  South  Manitou  Island  will  furnish  a  source  of  excep- 
tionally pure,  high  yielding  rye. 

The  first  prize  offered  for  rye  at  the  1920  International  Grain  and  Hay 
Show  was  won  by  a  South  Manitou  Island  rye  grower. 
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POISONING  FROM  BACILLUS  BOTULINUS 
Cause :     Prevention ;    Treatment 


Circular  Bulletin  No.  47 


BY  ZAE    NOHTHRUP  WYANT,*  BACTERIOLOGY   SECTION 

Early  History — Food  poisoning  from  Badllua  boiulinus  has  been  known 
for  a  goodly  number  of  years  to  be  more  or  less  prevalent  both  among  human 
and  animal  kind.  Allantiasis,  or  botulism — the  name  by  which  this  type 
of  poisoning  is  most  commonly  known — has  been  recognized  by  German 
physicians  since  the  latter  part  of  the  18th  century,  the  first  recorded  case 
occurring  in  1735.  A  serious  outbreak  occurred  in  Germany  in  1793  from 
eating  sausf^  which  contained  a  great  deal  of  blood.  After  this  time  the 
number  of  cases  of  botulism,  so-called  because  the  disease  waa  produced 
from  eating  spoiled  sausages,  rapidly  increased-  Many  sections  of  Germany 
were  involved,  official  warnings  failing  to  check  their  incidence.  Several 
outbreaks  of  this  '  'sausage — or  meat — poisoning' '  were  reported  from  Rus- 
sia, Austria,  Hungary,  Denmark,  and  France,  and  one  each  from  England 
and  Holland. 

Botulism  in  America — In  America  comparatively  few  cases  of  botulism 
have  been  recognized  but  a  survey  of  the  reports  of  food  poisoning  during 
the  past  25  years  shows  that  there  have  been  a  number  of  cases,  mostly 
in  California,  in  which  the  symptoms  are  more  or  less  indicative  of  this  con- 
dition. It  is  probable  that  many  cases  of  so-called  "ptomain  poisoning", 
in  the  past  thought  to  be  the  common  type  of  food  poisoning,  have  actually 
been  botulism. 

Botulism  in  Horses. — Among  livestock  botulism  has  probably  been  known 
for  many  years.  In  1813  a  fatal  disease  of  horses  termed  '  'head  disease'  * 
appeared  in  Germany.  This  affection  spread  through  certain  sections  of 
Europe  from  1824  to  1828  and  was  described  as  "fever  of  the  nerves";  later 
as  '  'nervous  sickness' ',  and  '  'Boma  disease' '  from  the  fact  that  it  was  preva- 
lent around  Boma  (Germany).  In  the  United  States  various  names  such 
as '  'cramp  of  the  neck' ', '  'inad  staggers' ', '  'sleepy  staggers' ', '  'bhnd  staggers' ', 
or  simply  "staggers",  "cerebritis",  "cerebrospinal  meningitis",  "forage 
poisoning"  and  the  like  have  been  used  to  designate  this  disease  in  horses 
and  mules.     In  some  sections  of  the  United  States  it  is  also  called  '  'pasture 


In  Cattle. — Among  cattle  such  other  names  have  been  applied  to  this  die- 
iase  as  "com  stalk  disease"  and  "silage  poisoning." 
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In  Chickens, — '  'Limber  neck' '  is  the  term  applied  to  this  disease  in  chick- 


Ptomains  and  Toxins  Contrasted. — ^Botulism  is  essentially  a  food  poison- 
ing produced  by  a  toxin,  in  contradistinction  to  ptotnain  poisoning.  Ptcnnains, 
comparatively  few  of  which  are  poisonous,  are  a  part  of  the  molecule  of  a 
protein  food  which  has  been  attacked  and  broken  down  by  microorganisma, 
or  in  the  chemical  laboratory.  Toxins,  on  the  other  hand,  come  from  the 
microbial  cell  itself.  They  cannot  be  produced  in  the  chemical  laboratory. 
They  are  a  pnxluct  of  the  living  coll  only. 

Toxin  Absorbed  from  Alimentary  TVact. — Botulism  is  caused  by  the 
presence  in  and  absorption  from  the  alimentary  tract  (of  both  humans  and 
animals)  of  toxin  produced  by  Bacillus  botidinus,  a  large  anaerobic,  spore- 
forming  bacillus. 

Toxin  Produced  in  Food. — "How  does  the  toxin  of  B.  bolviinus  get  into 
the  alimentary  tract?"  is  a  question  arising  next.  When  this  bacillus  grows 
in  suitable  food  under  suitable  environmental  conditions  such  as  proper 
temperature  and  lack  of  air,  this  toxin  is  produced.  Whether  food  poisoning 
is  produced  or  not  depends  upon  whether  this  particular  food  is  eaten,  and 
the  severity  or  fataUty  of  the  poisoning  depends  upon  the  amount  or  viru- 
lence of  the  toxin  present.  The  toxin  of  B.  botulintis  is  unique  in  that  it  is 
so  far  as  is  known,  the  only  true  toxin  which  is  absorbed  through  the  in- 
testinal walls.  This  is  an  important  factor  in  the  causation  of  intoxication 
from  this  source.  Toxins  of  the  tetanus  and  diphtheria  bacillus,  on  the  other 
hand,  have  beer  shown  seldom  to  survive  the  biochemical  activities  in  the 
digestive  tract. 

Temperature  Favorable  for  Toxin  Production. — Another  difference  be- 
tween the  well  known  toxins  just  mentioned  and  that  of  B.  botviinus  is, 
that  under  conditions  where  the  former  toxins  are  ordinarily  dangerous  to 
health  they  are  produced  by  their  respective 'organisms  inside  the  animal 
Ijody,  at  body  temperature  (about  37."C.).  The  B.  botulinus  toxin,  to  the 
contrary,  is  produced  perhaps  most  frequently,  oidsidc  the  animal  body  at 
temperatures  considerably  below  body  temperature,  e,  g.,  20-22°C. 

Food  StufEj  Favorable  for  Toxin  Production. — Another,  and  perhaps  a 
more  important  factor  in  the  causation  of  botulmm  is  that  B.  botulinus  ap- 
pears to  be  able  to  grow  and  produce  its  toxin  m  a  wide  variety  of  food  stuffs, 
both  animal  and  human,  not  only  under  anaerobic  but  under  apparently 
aerobic  conditions.  Upon  consulting  many  late  text  books,  it  will  be  noted 
that  the  findings  of  van  Ermengem  who  discovered  B.  botulinus  in  1893  are 
taken  apparently  as  the  last  word  on  the  subject.  Modern  researches  have 
shown  that  in  this  as  well  as  insimilar  coses,  this  "habit"  which  many  authors 
have  of  repeating  the  statements  of  previous  writers  without  experimental 
proof  of  their  correctness,  is  reprehensible.  It  has  been  found,  for  instance, 
that  the  germ  producing  this  particular  type  of  food  poisoning  can  grow  not 
only  in  sausage,  and  other  meat  products,  but  in  canned  vegetables  and  even  . 
in  canned  fruits;  that  the  acid  of  certain  vegetables  and  fruits  is  apparently 
not  as  inhibitive  to  the  growth  of  B.  botulinus  as  has  been  stated  heretofore; 
and  that  not  uncommonly,  it  seems  to  grow  in  silage  in  the  apparently  aerobic 
portions  of  the  silo,  most  probably  in  association  with  molds  and  other  mi- 
croorganisms found  in  the  silage.  '  ChH1>^Ic 

I.  II  I  ^ 
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PREVENTION. 

Effect  of  Heat  on  B.  botuHnua  Spores. — A  very  false  sense  of  security  is 
given  by  various  teirt  books  due  to  the  fact  that  van  Ermengen's  statements 
with  regard  to  the  low  thermal  death  point  of  the  spores  of  B.  botidinus  have 
been  copied  without  proper  qualifications.  These  statements  are  to  the 
effect  that  the  spores  of  B.  bottdimis  are  easily  killed  by  heating  at  SCC. 
(ITST.)  for  60  minutes. 

Ordinary  Canning  Methods  Not  Effective. — If  these  statements  were 
true  of  all  straias  of  this  organism,  the  amount  of  heat  applied  in  any  one 
of  the  four  well  recognized  methods  of  canning  would  be  sufficient  to  <le- 
stroy  the  spores:  (1)  hot  pack  or  open  kettle;  (2)  cold  pack,  hot  water  bath 
or  st«am;  (3)  intermittent  sterilization;  (4)  pressure  canning.  ExperimerUs 
by  various  tnvesligators  in  differerU  parts  of  the  United  Stales,  however,  show 
tha'.  the  spores  of  most  all  strains  will  rests',  much  higher  temperatures  than 
80°C.  for  a  considerable  length  of  time.  Burke  of  California  (1918)  found  that 
spores  of  certain  strains  of  B.  botvXinus  would  witK'itand  IWC.  (212''F.) 
for  3H  hours,  and  in  the  foam  which  gathers  on  the  side  of  the  kettle  they 
may  live  for  a  much  longer  period.  One  period  of  heating  in  boiling  water 
for  five  hours  or  less  will  not  sterilize  the  contents  of  jars  if  they  are  contam- 
inated with  the  more  resistant  spores  of  this  bacillus.  She  found  that  be- 
cause of  the  much  delayed  germination  of  spores  due  to  heat  injury,  fractional 
or  intermittent  sterilization  on  three  successive  days  is  of  doubtful  value  since 
the  spores  do  not  develop  before  the  third  heating  period.  Even  pressure 
canning  cannot  be  considered  safe  if  a  pressure  of  5,  10  or  15  pounds  is  applied 
for  only  10  minutes.     A  comparatively  long  sterilization  period  must  be  used. 

Effect  of  Protein,  Acid  and  Sugar  on  Spores. — Experiments  were  also 
performed  at  the  University  of  California  (1919)  which  showed  (1)  that  the 
spores  of  B.  botulinus  when  mixed  with  animal  or  vegetable  protein  are  much 
more  resistant  to  heat  than  has  been  believed.  (2)  When  lemon  juice  (5  to 
7  oz.  per  gallon  of  vegetable)  is  added,  the  thermal  death  point  (killing  tem- 
perature) is  markedly  lowered  when  heat  is  applied.  (3)  Cane  sugar  in  con- 
centrations up  to  64  per  cent  dors  not  prevent  the  growth  or  toxin  produc- 
tion of  B.  botulinus  although  both  are  inhibited  to  a  certain  extent,  and  (4) 
in  connection  with  this,  the  particular  fruits  tested  which  had  been  canned 
in  sugar  syrup  were  suitable  as  a  food  for  this  organism.  (5)  Certain  technic 
of  the  canning  method  of  commercial  tm  well  as  of  home  canners  nkay  be 
in<'fficient  if  the  raw  material  happens  to  lye  contaminated  with  the  spores  of 
B.  botulinus,  for  example,  the  degree  of  heat  used  in  processing  may  not  be 
applied  sufficiently  long  to  reach  the  center  of  the  cans  at  all,  or  for  an  effec- 
tive period. 

Why  We  Fail  to  Prevent  Botulism. — It  is  very  evident  that  it  would  be 
quite  impractical  to  think  of  preserving  poultry  or  stock-foods  in  the  man- 
ner used  for  human  foods.  The  solution  of  prevention  of  botulism  in  both 
types  of  food  then  apparently  lies  in  preventing  the  original  contamination. 
Our  knowte<lgc,  however,  of  the  habitat  of  B.  botulinus  in  nature  is  so  lim- 
ited that  the  preventive  measures  we  take  are  not  sufficiently  exhaustive. 
If  B.  bot-idinus  could  be  wholly  prevented  from  gaining  entrance  to  or  de- 
veloping upon  food,  botulism  would  not  occur.  Thus  it  is  seen  that  lack 
of  wide  human  knowledge,  combined  with  human  failings  where  knowledge 
is  present,  are  responsible  for  many  of  the  outbreaks  of  botulism. 
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Habitat  of  B.  botulinus. — A  brief  review  of  the  various  places  where  B. 
biAulintis  has  been  found  should  be  of  interest  in  this  connection.  Burke  of 
California  has  done  considerable  work  in  attempting  to  locate  in  what  types 
of  material  this  bacillus  may  be  found.  She  concludes  that  this  organism  is 
widely  distributed  in  nature;  that  it  seems  to  occur  in  the  vicinity  of  the  hab- 
itations of  man;  that  it  may  be  present  in  the  garden  and  thus  be  on  the  fruits 
or  vegetables  when  picked,  whether  they  are  decayed  or  sound;  that  spiders 
or  small  insects  may  aid  in  distributing  this  organism  in  the  garden;  that  it 
may  l>e  harbored  in  the  intestinal  tract  of  an  animal  for  at  least  four  months 
after  contaminated  food  is  eaten.  Van  Ermcngen  (1895)  never  succeeded 
in  finding  the  bacillus  in  anything  except  two  speciments  of  ham  which  had 
caused  poisoning  in  humans,  although  he  searched  for  it  in  various  kinds  of 
soils  and  manures,  mud  from  ponds  and  rivers,  and  the  like.  Kempner  and 
Pollack  (1897)  found  B.  botuUn'us  in  the  intestinal  contents  of  a  '  'normal' ' 
hog.  This  was  the  only  recorded  case  of  the  isolation  of  B.  botulinus  from 
nature  until  Burke's  findings. 

Boilii^  Food  Destroys  Toxin  but  Not  Spores. — Alor^  with  preventive 
measures  one  which  has  been  given  most  publicity  within  the  last  two  years 
is  that  boiling  any  food  suspected  of  containing  the  toxin  of  B.  botulinus  de- 
stroys the  toxin  if  present  and  thus  entirely  prevents  the  likelihood  of  botu- 
lism ever  occurrii^  from  the  eating  of  this  particular  food.  A  very  recent 
publication  from  the  Bureau  of  Chemistry,  however,  indicates  very  strongly 
that,  if  B.  botulinus  is  present  in  any  food,  the  short  heating  given  it  to  de- 
stroy the  toxin  is  not  sufficient  to  kill  the  spores,  and  if  a  large  enough  num- 
ber of  the  spores  of  this  bacillus  is  present  in  the  food,  twtulism  may  result 
just  the  same,  the  symptoms  only  being  delayed,  due  to  the  time  it  would 
take  for  the  spores  to  germinate  and  for  a  sufficient  number  of  bacterial  cells 
and  consequently  toxin  to  form.  This  was  proved  to  be  the  case  with  ex- 
perimental animals.  Botulinus  toxin  is  now  known  to  be  produced  at  body 
temperature  as  well  as  at  lower  temperature,  contrary  to  the  belief  of  a  few 
years  ago. 

Don't  Heat  and  Eat  Spoiled  Food,  Destroy  It. — As  the  above  statement 
from  the  Bureau  of  Chemistry  seems  to  have  adequate  experimental  proof 
it  seems  very  unwise  to  continue  to  recommend  that  food  which  seems  a 
little  '  'off' '  may  be  safely  eaten  when  heated.  Rather  it  seems  best  to  ad- 
vocate the  destruction  of  such  food  by  bumii^,  and  not  merely  getting  rid 
of  it  by  feeding 't  to  chickens  or  pigs,  or  even  by  burying  it. 

The  Question  of  Odor. — A  word  may  not  be  amiss  here  with  regard  to 
whether  or  not  there  may  bo  an  offensive  odor  present  in  food  containing 
B.  botidinus.  Sufficient  observations  and  experiments  have  been  made  to 
enable  the  statement  to  be  made  that  not  in  all  cases  has  the  food  (human 
or  stock)  had  an  offensive  odor  when  this  germ  and  its  toxin  were  found  to 
be  present.  In  fact,  authorities  disagree  at  present  as  to  whether  the  germ 
of  botulism  ever  causes  the  production  of  a  disagreeable  odor  in  foods.  The 
fact  remains,  however,  that  many  of  the  foods  which  have  proved  to  be  toxic 
and  to  contain  this  bacillus  have  had  a  more  or  less  definitely  offensive  odor. 

Train  the  Eye  to  Detect  SjMjilage. — The  nose  alone  should  not  be  rehed 
on  to  detect  spoili^e.  The  eye  can  detect  spoilage  in  canned  goods.  For 
instance,  a  tin  can  may  have  one  or  both  heads  swelled;  a  glass  can  may 
have  a  bulged  lid,  or  may  show  signs  of  leakage,  of  gas  bubbles  in  the  can, 
of  a  light  colored  sediment,  of  disintegration  of  the  food  product,  and  upon 
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Opening,  absence  of  vacuum,  or  spurting  liquid  sbowii^  gas  pressure.    These 
signs  of  spoilage  may  be  indicative  of  the  presence  of  B.  botidinus. 

Never  Taste  Questionable  Food. — If  the  eye  or  nose  condemns  the  food, 
the  sense  of  taste  should  never  be  used.  Many  of  the  fatal  cases  of  botulism 
were  of  persons  who  just  tasted  the  food  to  see  if  it  was  all  right. 

TREATUENT 

Two  Distinct  Types  of  Botulinus  Toxin. — So  far  nothing  has  been  said 
to  indicate  whether  all  strains  of  B.  hoiuKmis  arc  aliltc.  The  workers  at 
the  University  of  California  may  be  given  the  credit  for  discovering  that  there 
are  at  least  two  distinct  strains  of  this  bacillus  depending  on  the  type  of 
toxin  produced.  They  have  designated  these  strains  as  B,  bolvlinus,  Type 
A,  and  B.  botulinus  Type  B. 

Why  Botulinus  Antitoxin  Has  Failed. — It  is  a  well  known  fact  that  when 
a  certain  amount  of  diphtheria  antitoxin  is  injected  into  an  animal  it  protects 
the  animal  againsta  definite  dose  of  diphtheria  toxin;  the  same  is  also  true  in 
the  ease  of  tetanus  toxin  and  antitoxin.  It  is  not  possible,  however,  to  pro- 
tect an  animal  against  tetanus  toxin  by  injecting  any  amount,  however  large, 
of  diphtheria  antitoxin.  The  toxin  produced  by  the  type  A  botuhnus  bacillus 
is  not  the  same  as  tliat  of  the  type  B  organism,  and  further,  the  antitoxin  of 
type  A  bacillus  will  not  protect  against  the  toxin  of  the  type  B  bacillus  or 
vice  versa.  This  peculiar  fact  has  been  proved  experimentally  and  explains 
many  of  the  f^lures  when  attempts  have  been  made  to  prevent  or  alleviate 
the  intoxication  in  humans  poisoned  by  the  toxin  of  this  bacillus;  the  wrong 
type  of  antitoxin  was  used. 

The  Value  of  Polyvalent  Antitoxin. — Hence  if  anyone  is  suffering  from 
suspected  botuhsm,  sufficient  of  a  noixture  of  the  two  types  of  antitoxin,  or 
as  it  is  termed  a  '  'polyvalent' '  botuhnus  antoxin,  should  be  given  in  order 
to  be  certain  of  neutralizing,  or  counteracting  the  effect  of  whichever  toxin 
is  present. 

No  Cure  for  Botulism,  Symptoms  Occur  Too  Late. — So  far  as  is  known, 
no  medicine  is  of  any  value  in  the  treatment  of  this  disease.  As  the  symp- 
toms are  a  result  of  the  action  of  the  toxin  on  certain  portions  of  the  nervous 
system  it  is  very  evident  that  some  time  must  have  elapsed  before  symptoms 
appeared  and  no  medicine  could  then  be  of  avail,  if  administered  by  way 
of  the  mouth,  or  even  if  injected.  When  symptoms  l>egin  to  show  it  is  gen- 
erally too  late  to  do  more  than  (pvc  a  therapeutic  dose  of  a  specific  or  of  a 
polyvalent  botulinus  antitoxin. 

Preventive  Measures  in  Canning. — The  prevention  of  botulism  in  human 
foods  then  rests  upon  the  housewife  or  the  commercial  canners;  first,  upon 
the  cleanhness  in  the  preparation  of  the  food  from  garden  to  can;  second, 
upon  employing  sufficient  heat  in  processing  to  destroy  the  spores  of  the 
most  resistant  bacteria  which  may  be  present;  third,  taking  particular  pains 
to  seal  each  can  immediately  after  sterilization  and  store  in  as  cool  a  place 
as  possible. 

In  Preparing  Meals. — The  one  who  prepares  the  meals  must  be  looking  out 
to  prevent  lx)tulism  by  a  careful  appraisal  of  alt  canned  goods  before  and 
after  opening,  with  the  sense  of  sight  and  smell  only,  not  with  the  sense  of 
taste,  especially  if  anything  seems  wrong  with  the  can  contents.  These 
precautions  should  not  be  limited  to  canned  goods,  however,  since  it  will 
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be  remembered  that  sausage  and  other  forms  of  meat  not  canned  have  abo 
at  times  been  contaminated  with  B.  botuUnus. 

Moldy  Sil^e  Suspicious, — In  the  case  of  live  stock,  the  one  who  has  charge 
of  feeding  them,  with  silage  especially,  should  look  with  suspicion  upon  moldy 
portions.  Neither  molds  not  their  products  have  been  proved  to  be  poison- 
ous, but,  because  of  the  possibility  of  the  presence  and  growth  of  B.  boiidinus 
under  such  conditions,  spoiled  silage  should  be  fed  with  great  caution.  How- 
ever, other  feeds,  such  as  hay  and  grain,  which  have  been  found  to  be  con- 
taminated at  times,  appeared  perfectly  normal. 

Necessity  of  Further  Experimentation.— Thus  it  is  very  evident  that  more 
exhaustive  experiments  should  be  performed  in  the  preparation  of  human 
foods  in  order  to  revise  the  time  and  temperature  tables  for  proces^i^  canned 
goods  of  ail  sorts,  in  all  kinds  and  sizes  of  contMners,  and  in  the  handling 
and  preparation  of  stock  foods,  so  that  the  possibility  of  spoilage  from  ot^an- 
isms  of  the  botuHnus  type  may  be  reduced  to  a  minimum. 

Modem  Canning  Factory  Methods  Safe. — The  modem  canning  factory 
in  Michigan  as  well  as  in  other  states  is,  at  the  present  time,  putting  up  the 
various  food  products  in  a  sanitary,  safe  and  economic  manner  and  in  ad- 
dition, m^ntains  a  rigid  inspection  service  which  serves  to  eliminate  prac- 
tically all  spoil^e  among  canned  foods  on  the  market,  This  means  then 
that  the  house  wife  need  not  hesitate  in  buying  foods  canned  in  any  up-to- 
date  factory.  The  canner  has  at  stake  not  only  his  reputation  but  his  profits 
and  thus  for  a  selfish  reason  if  no  other,  he  is  obliged  to  eliminate  to  the  best 
of  bis  ability  losses  from  all  a 
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